


















































individual formations that comprise the S8ilurian' and Devonian
carbonate rocks without having abundant samples and downhole logs.
Such data are generally sparse, hence the Devonian and Silurian
. carbonates were each mapped as a group. In addition, the rocks of
- the two systems are difficult to distinguish from one another in
the subsurface except in a few places where high-quality sample
sets and (or) geophysical logs are available. The contact between
rocks of the two systems is also an unconformity that may possess
an unknown, but potentially significant, amount of local relief.
. Consecuently, the location of the contact shown on the maps between
.-Devonian and Silurian rocks is very approximate and is based on
structural projections from a few places where the contact can be
firmly located.

The bedrock topography is shown at a contour interval of 25 feet.
In some places, data are sufficient to warrant a smaller contour
interval, but in most areas, such data are widely scattered.
Consequently, the 25-foot contour interval was chosen because it
was the best representation of the bedrock surface over the entire
county, given the available data. In many places, the bedrock
surface may be considerably more irregular than what is suggested
- by the contours. Numerous small depressions and valleys that are
too small to show at the existing contour interval are probably
present in the area underlain by karsted carbonates; on the other
hand, some karst features larger than the contour interval may
exist where data points are widely spaced. Similarly, there is
probably much more local relief on that part of the bedrock surface
~underlain by .the Borden Group, but the data 'simply are not
- plentiful enough to detect and show all of the local variation.
The true nature of the bedrock surface in that area is best
visualized by imagining the relief of the modern landscape in Brown
County, buried below the glacial deposits. Stated differently, the
modern landscape of southwestern Marion County is not indicative of
the buried landscape represented by the bedrock surface, which
appears to have close to 300 feet of local relief in Decatur
Township.

PRE-WISCONSIN GLACIAL DEPOSITS
General Character

Glacial deposits of pre-Wisconsin age are abundant in the
subsurface of Marion County, and locally reach thicknesses in
excess of 250 feet. In Marion County, at least seven, and possibly
more, distinct depositional sequences of pre-Wisconsin age can be
documented. In general, each of these sequences is characterized
by one or more sheets of glacial till that are variously associated
with lacustrine sediments and (or) one or more sand and gravel
bodies. These deposits have had a long and complicated history,
involving the repeated truncation of one or more older seguences by
younger ones during successive glacial episodes, as well az the
development and subsequent burial of several interglacial
landscapes that cut across multiple sequences. Consequently, the
stratigraphy of the pre-Wisconsin deposits is rarely complete in
any one location, and sequences of radically different ages are
commonly in juxtaposition in different parts of the county. Not
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sﬁrpriéingly, this history has obscured many of the details of the
sequences, although the overall pattern of events and the salient
characteristics of the sequences can be reasonably well documented.

'The precise ages of these sequences cannot be reliably determined,

but they can generally be assigned to two broad periods (fig. 2):
1) the Illinoian age, which is believed to encompass the period of
time between about 140,000 and 300,000 ybp; and 2) everything
before the Illinoian, now referred to loosely as the ‘'pre-
Illinoian". The latter used to be known as the "Kansan" and
"Nebraskan" ages, but uncertainties associated with the pre-
Illinoian glacial record have led many workers to abandon those
terms. 1In Indiana, all pre~Wisconsin deposits have been referred
to as the "Jessup Formation" (Wayne, 1963; Hartke and others,
1980) , and only two of the individual till units observed in Marion
County have been accorded formal rank.

The pre-Wisconsin sequences in Marion County, and elsewhere in the
midwestern U.S., are commonly separated from one another by
weathering profiles and(or) non-glacial sediments, indicating the
passage of lengthy ice~free periods in between most or all of the
glacial episodes. In particular, the boundary between Illinoian
and pre-Illinoian deposits is marked by a major weathering profile
that is as much as 20 or more feet thick in places where it is
well-preserved. This weathering profile is widely recognized in
many places in the lower Midwest and plains states, and the period
of time during which it formed is known as the "Yarmouth
Interglacial®, Other weathering profiles are also recognized
within the Illinoian deposits as well as between some pre-Illinoian

‘sequences. In places where they were protected from subsequent

erosion by ice and meltwater, any of these weathering profiles may
locally be marked by a well-preserved buried soil, known as a
"paleosol”. Well developed buried soil profiles, each representing
a part of a former landscape, have been observed in as many as four
different horizons in a single section of the pre-Wisconsin
sediments in Marion County. There is a strong possibility that as
many as five or six distinct periods of soil formation are
represented within these deposits.

Pre-Wisconsin deposits are exposed only in a few, small, widely
scattered outcrops, consequently identification of individual
sequences is based entirely on borehole characteristics, mainly
gamma-ray log signatures and physical properties of sediment
samples (fig. 3)., It is virtually impossible to trace individual
sequences in the absence of closely spaced borehole data, thus no
attempt was made to systematically map individual pre-Wisconsin
sequences across the entire county. Moreover, the presence and
continuity of individual sequences appear to show considerable
varijation among the different parts of the county, and only rarely
are more than four or five of these units present in any one area.
This variation is due in part to the irregular degree of erosion of
older deposits by each succeeding ice advance, and to the large
amount of relief on the underlying bedrock surface. Despite these
complications, several observations can be made concerning the
physical properties, regional distributions, and hydrogeologic
importance of the pre-Wisconsin sequences.
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Figure 3. Selected down-hole gamma-ray logs and gample descriptions that
illustrate contrasting sequences of Wisconsin and pre-Wisconsin age in eastern
Marion County: a) from test hole drilled near the intersection of South Post
Road and Rawles Road, Indianapolis East quadrangle. The log shows a thick
sequence of at least four Illinoian tills overlying pre-Illinoian sediments.
The hole is notable for the thick West Lebanon lake sediments at the bottom
and the four paleosols. A fifth paleosol may have formed atop the lake
sediments. All three late Wisconsin sequences are present, although thini b)
from domestic water well just northwest of Fall Creek, opposite Fort Benjamin
Harrison, Fishers quadrangle. The hole illustrates well the massive complex of
basal Illinoian and pre-Illinoian sand and gravel that is characteristic of
this part of the county. The break is marked by the massive weathering
horizon atop the pre-~Illincian section. The sand and gravel are capped by a
relatively thin and monotonous seguence of Illinoian tills. The late Wisconsin
section is exceptionally thin, but this is typical of this area. All three of
the depositional sequences appear to be represented;
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Figure 3., cont. c) from a test well at the Marina Wellfield along Fall Creek,
McCordsville quadrangle. The log shows relatively thin late Wisconsin outwash
directly overlying the latest pre-Illinoian till, which in turn caps the

massive sand and gravel complex. The capping till unit is absent from several
other holes in this area, resulting in direct superposition of the two outwash
units of radically differing ages. The thin pink till unit at about 80 feet is

probably the Hillery till member.
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Pre-Illinoian Seguences

The pre-Wisconsin deposits are thickest in the eastern third of
Marion County, and individual sequences appear to have the greatest
continuity in that area (fig. 4). The total pre-Wisconsin section
also appears to be the most complete in the east, consequently it
is there that the stratigraphy of these deposits is most clear.
The oldest known glacial unit in the state is the West Lebanon
Member, a distinctive, pinkish to red, clay-rich till with abundant
reddish laminated lacustrine mud. The unit is extensively present
in bedrock valleys and other low areas in the northeastern and
north-central parts of the county, and consists chiefly of red,
laminated silt and clay, and much lesser till. It is more than 100
feet thick in the large bedrock valley near Oaklandon. The unit is
believed to be older than 700,000 ybp because, in western Indiana,
it overlies lacustrine sediments that are magnetically reversed
(Bleuer, 1991).

At least two other units of probable pre-Illinocian age are also
present sporadically in Marion County. The lowermost of these
consists chiefly of reddish-brown till of silt loam to loam texture
and eastern source mineralogy, which is probably the Hillery Till
Member (Johnson and others, 1972; Bleuer, 1991). Small to medium
sized lenses and sheets of sand and gravel are locally associated
with the till. The Hillery is typically the first glacial unit
above the bedrock in the south-central and northwestern parts of
the county.

The top of the pre-Illincian section in many places consists of a
thick sequence of sand and gravel that is locally capped or
interbedded with thin, deeply weathered, greenish-gray loam or
sandy loam till. The sand and gravel is commonly quite coarse and
is the primary aguifer over much of the northeastern part of the
county. In that area, the pre-Illinoian sand and gravel is a
mappable unit that is locally more than 80 feet thick and extends
over tens of square miles. This sequence is commonly capped by a
massive paleoscol as much as 20 feet thick, and the gravel contains
abundant dolomite pebbles with prominent red coatings of iron 1-2
mn thick. The paleoscl is variably truncated by sand and gravel
units at the base of the overlying Illinoian section, resulting in
a massive complex of sand and gravel that is locally of both
Illinoian and pre-Illinoian age. This complex is informally termed
the "Fall Creek aquifer complex" because it is exhumed within the
valley of Fall Creek, and forms the bulk of the so-called "outwash"
shown on previous maps of that area (Harrison, 1963; Gray and
others, 1979; Hartke and others, 1980). The distribution,
thickness, elevation, and other characteristics of the Fall Creek
aquifer complex are shown on separate maps for parts of the
Fishers, McCordsville, Cumberland, and Indianapolis  East
quadrangles. The complex also corresponds to unit Y“pIx" on the
pre-Wisconsin surface maps of those quadrangles.
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Figure 4. Gamma-ray log cross-gection from southeastern Maricn County illustrating the character and-downhole
stratigraphy of late Wisconsin and pre—W:.scons:.n sequences.  Several of the individual sequences
appear to exhibit considerable continuity in this particular area and are readily identified on the
different gamma-ray logs. The labels "I1, I2, I3, and I4" are used strictly for purposes of example
and do not represent formal or informal stratigraphic designations.



Sand and gravel units occur along the pre-Illinoian surface
elsewhere in the county, and can usually be identified by the
prominent green paleosol that separates them from the overlying
Illinoian deposits. Many of the smaller sand and gravel units are
composed chiefly of chert and shale, are interbedded with lenses of
silt and fine sand sand of probable alluvial origin, and contain
evidence of multiple periods of so0il formation. These
characteristics suggest that some of these deposits formed in a
fluvial environment during the long, ice-free period of the
Yarmouth Interglacxal. The paleosol associated with the ''pre-
Illinoian surface" is the best developed of any weathering horizon
in the county, and is readily identified in widely scattered
localities east of the White River. 1In most places, the elevation
of this surface is typlcally less than 700 feet, except near the
Hamilton cOunty line in northeastern Marion County, where it rises
to elevations as great as 770 feet.

Illinoian Sequences

The Illinoian deposits in most places comprise a thick sequence of
tills (figs. 3 and 4), locally separated by small to medium~sized
bodies of sand and gravel. The tills are distinguished only with
difficulty, as most are gray-brown, overconsolidated, pebbly loanms.
At least four distinct Illinoian till sequences and associated sand
and gravel units are suggested, however, by gamma ray signatures in
eastern Marion County and, to a lesser extent, by sedlmentologic
properties. Down-hole eamples and color changes reported in water
well records suggest that weatherlng zones are present between all
of these tllls, although evidence for all of these is rarely, if
ever, seen in any single hole. Analyses of downhole samples
suggest that at least two of these tills are of eastern source
(Huron-Erie Lobe), whereas one may be of northeastern source
(Saginaw Lobe) or northern source (Michigan Lobe).

Large sand and gravel hodles are present within the Illinoian
section in several localities. The most common of these are
extensive tabular bodies that occur along the pre-Illinoian
surface, which suggests that they originated as outwash aprons or
fans deposited during the initial Illinoian ice advance. Lenses
and sheetlike sand and gravel bodies are also common between the
different Illinoian till units, but only rarely do these appear to
have much continuity.

-A markedly different situation occursg in the Oaklandon area, where
the entire Illinoian section consists of one or more large channel-
like units that have coalesced with the underlying pre-Illinoian
sand and gravel, forming the massive Fall Creek agquifer complex,
which locally approaches 120 feet in thickness. The stratigraphy
in that area is further complicated by the large amount of bedrock
relief; above some elevated areas on the bedrock surface, the
normally thick Illinocian section is severely attenuated, and in a
few places, late Wisconsin deposits directly overlie the pre-
Illinoian sequences.
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The most extensive known Illinoian sand and gravel body occurs
adjacent to the White River Valley in the southwestern guarter of
the county, and is of sufficient size to map separately on parts of
the Maywood, Beech Grove, Indianapolis East, Indianapolis West,
Bridgeport, and Clermont quadrangles. This body is very persistent
and forms a large, tabular-shaped complex that appears to lie in
the lower or middle part of the Illinoian section in that area. It
is consistently in the range of 15 to 30 feet thick, and some parts
of the body are capped by a well-developed paleosol. To the north
and east, the paleosol rises up onto a till unit that the sand and
gravel appears to come out from under. The top of the sand and
gravel body slopes gently toward a large, south-trending, buried
bedrock valley that underlies parts of the modern river valley.

The overall configuration of the body suggests that it represents
a former outwash plain or apron that was graded to an ancestral
White River during middle Illinoian time. South of Marion County,
the bedrock valley is filled with pre-Wisconsin sand and gravel
that may be related to this unit, although a direct connection
between the wvaliey fill south of the county and the inferred
Illinoian outwash unit cannot be demonstrated at this time. In any
event, this unit is the primary source of ground water for domestic
wells over much of the area in which it is mapped, outside of the
immediate confines of the White River Valley. Because the age of
the body is wuncertain, it is simply referred to as the
"southwestern aguifer complex". The complex is also denoted as
unit "mI" on the pre-Wisconsin surface maps of the corresponding
quadrangles. :

Nature of the Pre-~Wisconsin Surface

The pre-Wisconsin surface represents the landscape upon whlch the
late Wisconsin glacial seguences were deposited. As such, its
configuration and geology have considerable bearing on the
sedimentological characterigtics, thickness, and geometry of
overlying aguifers and confining units. 1In addition, a variety of
sand and gravel units are present at or just below the surface, and
are locally significant aquifers. The proximity of these units to
the pre-Wisconsin surface determines the degree to which they may
interact hydraulically with shallower aquifers, or may be directly
affected by infiltration from the land surface. Hence, the
configuration of the pre-Wisconsin surface also affects the
sensitivity of these deeper aquifers to contamination.

The pre-Wisconsin surface is a composite feature with considerable
‘relief that complexly truncates all of the pre-Wisconsin sequences
described above, Consequently, the stratigraphy of materials
directly below the surface is not straightforward, and the
subjacent units range in age from latest Illincian to pre-Illincian
- {fig. 2). Furthermore, the age of the surface itself appears to
vary geographically, and its configuration (fig. 5) does not
everywhere represent the weathering profile that evolved during the
so-called "Sangamon" interglacial between the 1Illincian and
Wisconsin stages.
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Figure 5. Map of Marion County, Indiana, showing generalized terrain regions of the buried pre-Wisconsin
surface. This surface is a composite feature having as. much as 300 feet of relief, and it truncates many pre-
Wisconsin sequences whose ages span the entire range of Illinoian and older glacial events that affected this
part of the state. The respective terrain regions have experienced differing geologic histories, consequently
the age of the surface variesg from place to place. In general, the pattern of terrains and distribution of
underlying sequences and paleosols suggest that the pre~Wisconsin surface in eastern and northwestern Marion
County ig, in fact, representative of the Sangamon paleosurface. In contrast, the pre-Wisconsin surface in the
central part of the county appears to have been extensively modified by late Wisconsin meltwater, and most
buried soils or other evidence of 2 palecsurface present along the pre~Wisconsin surface in that area are likely
to be an exhumed pre-Sangamon paleosurface.




Parts of the extensive buried "uplands" on the pre-Wisconsin
surface in eastern Marion County are capped by a pervasive, well~
developed paleosol, and may indeed represent the true Sangamon
paleosurface. In contrast, however, large parts of the pre-
Wisconsin surface in central and southwestern Marion County appear
to have been severely scoured by meltwater torrents during the
initial advance of the late Wisconsin ice sheet. Parts of the
surface were also heavily eroded when they were overridden by late
Wisconsin ice. It is clear, therefore, that much of the truncation
of older units across this surface took place just prior to or
~ during Wisconsin glaciation, and that this truncation exposed units
of widely differing ages along the pre~Wisconsin surface. For this
reason, it is presumptuous to interpret paleosols present along
truncated areas of the surface as representing the "Sangamon"
interglacial, when in fact they could, and often. do, represent
exhumed weathering horizons of widely disparate ages.

Pre-Wigconsin_Su;ﬁgce Maps

The maps show the topography of the pre-Wisconsin surface and the
geology of pre-Wisconsin deposits to a depth of approximately 20
feet below the contoured surface. The elevation of the pre-
Wisconsin surface was determined primarily using several criteria:

1) evidence for a weathering profile, typically manifested by sharp
color changes from grey or light brown (unweathered) Wisconsin
deposits to oxidized red, yellow or gleyed green materials whose
colors are suggestive of weathering; by the absence of most or
all carbonate minerals from these same materials; and (or) by
the abundance of expandable clay minerals at a certain horizon.

2) abrupt changes in hardness, with the pre-Wisconsin materials
(especially till units) commonly being substantially harder than
the overlying Wisconsin deposits.

3) stratigraphy of till units as determined by their gamma-ray log
response, relative grain-size percentages, and other attributes.

4) presence of pervasive organic silt units, wood, or other
indicators of a non-glacial landscape along a particular
horizon. .

5} pfesence of extensive sand and gravel sheets interpreted to have
been deposited as outwash in front of the advancing late
Wisconsin ice sheet.

Contours of the pre-Wisconsin surface elevation were drawn chiefly
on till and other fine-grained units, and below sand and gravel
units that occur along this horizon, because most of the latter are
of uncertain age (i.e., Wisconsin or pre-Wisconsin). Contours were
drawn on top of sand and gravel units only where they could be
clearly established as being of pre-Wisconsin age (e.g., they are
capped by a large, extensive weathering profile or are laterally
contiguous with adjacent granular units that are clearly below the
pre-Wisconsin surface).
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In gquestionable cases where the pre-Wisconsin surface may be within
a large body of sand and gravel, contours were drawn on fine-
grained sediment below the granular material. If no fine-grained
material is present above bedrock (e.yg. in large parts of the White
River Valley), the pre-Wisconsin surface was not contoured.

In accordance with the preceding discussion regarding the
contouring of the pre-Wisconsin surface, two general categories of
sand and gravel units are represented on the maps (fig. 6}:

1) bodies of uncertain age that appear to have been deposited on
the contoured pre-Wisconsin surface, at various times between
the close of Illinoian glaciation and the beginning of the
Wisconsin. On the map explanation, these are referred to as
"undifferentiated", and are further broken down according
apparent geometry {e.qa., channel-like bodies, aprons,
discontinuous units);

2) bodies clearly of pre-Wisconsin age that are present within 20
feet of the contoured surface. On the map explanation, this
category is referred to as "Illinoian and older". Map units
within this group are broadly characterized as to their
stratigraphic position. That is, units near the top of the
overall pre-Wisconsin sequence are referred to loosely as “upper
Illindian", whereas those that appear to be at or below a very
large and pervasive weathering profile at depth (presumably the
"pre-Illinoian surface") are referred to as undifferentiated
basal Illinoian and/or pre-Illinoian. These stratigraphic
characterizations should be interpreted in the broadest possible
sense, and not as indicating an absolute stratigraphic position,
succession, or age.

LATE WISCONSIN GLACIAL DEPOSITS
General Characteristics

The glacial sediments between the modern land surface of Marion
County and the buried pre-Wisconsin surface were deposited during
at least three ice advances that occurred after about 22,000
years before present (ybp), and are thus of late Wisconsin age
(fig. 2). For brevity, the age of these deposits may be referred
. to simply as "Wisconsin" in places in this report, inasmuch as
early or middle Wisconsin deposits are not known to be present in
Indiana. The thickness of the Wisconsin deposits in Marion
County ranges from as little as a few feet to more than 200 feet,
but is typically between about 30 and 50 feet.

The Wisconsin sediments include the massive outwash complex in
the White River Valley, which constitutes the most prolific

" aquifer system within the county. A variety of smaller sand and
gravel bodies that form localized aquifers are also widely
distributed, as are till confining units of regional extent.
Because the Wisconsin sediments directly underlie virtually all
of the land surface, where most potential contaminants are likely
to originate, a clear understanding and representation of their
‘geology is essential to the management and protection of the
ground-water resource.
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Figure 6. Schematic cross-section showing the relative stratigraphic positions
B -~ and geometries of sand and gravel units mapped on and near the pre-
. Wisconsin surface. Units A and B appear to lie on the contoured
surface (hachured line) and are +typical of units mapped as
"undifferentiated sand and gravel". Units C-G extend beneath till
units that are clearly of pre-Wisconsin age; the sand and gravel
units thue must alee be pre~Wisconzin. These units are physically
- truncated by the pre-Wisconsin surface and are typical of units
mapped as "Illincian and older". Note the coalescing of the two
typee of units in several places. Unit A is a large channel whose
deep incision into the pre-Wisconsin sequences has caused it to
coalesce with unit D. In contrast, unit B is an apron or blanket-
like body that cuts sharply across and truncates units ¢ and D along
a regional slope on the pre-Wigcongin surface. Such instances of
coalesced sand and gravel bodies are indicated by a line pattern on
the pre-Wisconsin surface maps. .
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Regional Relations and Nomenclature

Till units of Wisconsin age in this part of Indiana have
previously been included as members of the Trafalgar Formation
(Wayne, 1963), and that usage is continued here. In the past,
all of the sand and gravel units directly below, within, or above
the Trafalgar Formation have been referred to as "Atherton
Formation" or "Martinsville Formation" (Wayne, 1963; Hartke and
others, 1980). This division is arbitrary and not particularly
useful, because most, if not all, of these sand and gravel bodies
are simply facies of the Trafalgar Formation that record
depositional environments where meltwater was the predominant
agent, rather than ice. Therefore, we include the sand and
gravel units above the pre-Wisconsin surface under the umbrella
of the Trafalgar Formation. We also use the term "Trafalgar
megasequence" interchangeably with "Trafalgar Formation", because
the former connotes a greater sense of variation, especially in
the many places where individual depositional sequences within
the formation cannot be readily distinguished, or where the
entire megasequence contains a preponderance of sediments other
than till, such as outwash, ice-contact stratified deposits, and
debris flows. '

In central Indiana, the Trafalgar Formation has generally been
regarded as being composed chiefly of two distinct till units,
the lower Center Grove Till Member, and the upper Cartersburg
Till Member (Wayne, 1963; Hartke and others, 1980). This
interpretation was predicated on the belief that the two till
members were the products of two separate, region-wide advances
of the Huron-Erie Lobe, and that these two glacial episodes
constituted the entirety of the Wisconsin glaciation in central
Indiana. Recent work elsewhere in central and west-central -
Indiana by Bleuer (unpublished manuscript) and during this study
indicates that this model is probably not correct, and that the
actual record is far more complex. Bleuer (unpublished

- manuscript) has suggested that as many as four distinct pulses of
. the Huron-Erie Lobe occurred during the late Wisconsin in west-
central Indiana, and we have found strong evidence suggesting
-that ice advanced over part or all of Marion County at least
three different times during the past 22,000 years. The
relationship of these three advances to the classic '“type"
sections of Cartersburg and Center Grove till is not known.
Consequently, those names are not employed in this report, and
the depositional sequences and landscapes believed to be
associated with each of the three ice advances are referred to
informally as "T1" (oldest), "T2", and "T3" (youngest),
respectively’. These three sequences collectively constitute the
Trafalgar megaseguence.

3 - The terms "T1, T2, and T3" used in this report are not necessarily
equivalent to similar terms of Bleuwer (unpublished manuecript)
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Throughout much of central Indiana, including Marion County,
tills and other sediments deposited during all of the Trafalgar
. ice advances appear to be virtually identical to one another in
many respects. Consequently, the physical characteristics of
these materials (e.g., grain-size distribution, color, clay
mineralogy) have been of limited value in distinguishing the
different sequences from one ancther. Instead, the key evidence
for multiple ice advances is in the form of differences in gross
- sequence characteristics, as expressed primarily in gamma-ray log
signatures (figs. 7 and 8), as well as by contrasts in surface
morphology between regions affected by successively younger ice
advances {fig. 9). Widely scattered radiocarbon ages associated
with the different glacial terrain regions of central and west-
central Indiana also appear to corroborate the interpretation of
multiple ice advances (Bleuer, unpublished data), although many
of the details of these events remain to be resolved.

'Radiocarbon ages have recently been obtained from wood at the
base of the Trafalgar Formation in two localities Marion County
(table 1) . Two ages were obtained from spruce logs in a bed of
peat exposed at the American Aggregates Quarry on South Harding
Street T15N, R3E, S$33, Maywood Quadrangle). The peat is capped
by 1-2 feet of organic silt. These sediments are immediately
below the lowest part of the outwash complex in the White River
Valley, which in turn underlies T1 till. The apparent age of the
top of the peat indicates that deposition of Wisconsin outwash
began in this part of the valley after about 22,000 ybp. The
sand and gravel at this locality is believed to be part of an
outwash apron that was deposited not far from the advancing ice
front, hence ice probably overrode this site not long after the
outwash fan was deposited. : '

Site_location Stratigraphic Position Age (vbp)
American Aggregates Peat bed between 22,070+210
Harding Street Quarry top of bedrock and (top of peat)
833, T1SN, R3E the base of late 23,3404240
Maywood guadrangle Wisconsin outwash (bottom of
peat)

Eagle Creek Park Log in organic bed 21,030+180
Confluence of Fishback between paleosol and

and Eagle Creeks base of first late

528, T17N, R2E Wisconsin till unit

Zionsville quadrangle

Table 1. Recent radiocarbon age determinations on late Wisconsin
glacial deposits in Marion County
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ablation sediments plastered atop repetitive stack of T2 tills in end moraine, Bridgeport
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One age was obtained from a spruce loy exposed in a large bluff
at the confluence of Fishback Creek and Eagle Creek Reservoir
(S28, T17N, R2E, Zionsville Quadrangle). The log was found
pressed into the top of a bed of organic silt immediately below
basal till (T1) at the base of the Trafalgar megasequence. Taken
at face value, this date indicates that Wisconsin ice first
arrived at this locality sometime shortly after about 21,000 ybp.

The apparent ages at the two localities, although somewhat
-different, are generally comparable, and seem to indicate that
the onset of Wisconsin glaciation in Marion County took place
between 21,000 and 22,000 ybp, which is generally compatible with
age relations elsewhere in central Indiana (Bleuer, unpublished
manuscript). The latest ice movements in this area, however,
appear to have occurred at a considerably later date. At
‘Plainfield (Hendricks County), just west of Marion County,
several radiocarbon ages from wood taken from an organic bed
immediately beneath a thin, upper till sequence are between
17,000 and 18,000 yvbp. Based on gross geomorphic evidence and
sequence characteristics, it seems likely that the till above the
organic unit at Plainfield is equivalent to sequence "T3" in
Marion County. If this interpretation is correct, ice may have
been active in Marion County as recently as 17,000 ybp, and
outwash deposition in the White River Valley probably continued
for a considerable period after that.

Nature of TLate Wisconsin Events and Sequences

- Till and till-like sediment are the most common constituents of
the Wisconsin depositional sequences recognized in Marion County,
but sand and gravel bodies, some of which are of considerable
size, also occur both within and between the sequences. In
addition, the massive complex of Wisconsin outwash sand and
gravel that occupies the White River Valley and its major
tributaries constitutes a related, but different type of
sequence. The outwash appears to have had a complicated history.
Its deposition occurred at several distinctly different times and
was associated with all three of the ice advances, as well as
with meltwater discharges that occurred after active 1ce margins
had retreated far upstream from Marion cOunty. :

The first two Wisconsin ice advances appear to have been more
robust than the third, consequently their associated sequences
are generally thicker and have greater continuity. The ice:
sheets associated with both of the first two episodes advanced
nearly to Martinsville (Morgan County), well south of Marion
County, and probably completely covered the White River Valley in
Marion County. Relatively thick till units (15 to 30 or more

- feet) are widely associated with both of these sequences.
Although the till units are commonly irregular and discontinuous,
and, in places, broken by large sand and gravel bodies, their
w1despread distribution and thickness suggests that the ice
remained active for a considerable period during both events.
Both of these events contributed large quantities of sand and
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gravel to the White River Valley, chiefly in the form of
extensive outwash aprons deposited in front of each advancing ice
sheet,

‘The second episode (T2) also resulted in several end moraines
that formed as the ice front became stationary at certain times
during its general retreat. The arcuate shapes of most of the
moraines suggest that large reentrants were present in the ice
front along major meltwater channels, such as the White River
(fig. 9). The tall, hummocky ridges in the Glenns Valley area
(Maywood Quadrangle) are part of a feature known as the Greenwood
Moraine. These ridges are composed chiefly of sand and gravel,
and their up-ice (northeast) sides are capped by a thin wveneer of
T2 till. They represent the heads of one or more large,
coalescing ice-~contact fans formed along this part of the
moraine. The body of the fan(s) formerly occupied what is now
the modern valley of the White River, but was subsequently eroded
away by massive meltwater discharges during later events. The
meltwater erosion left only a few small, streamlined mounds of
sand and gravel projecting above the general floor of the valley,
along with the isolated ridges near Glenns Valley to mark the
heads of the fan(s). Interestingly, the river channel in this
immediate area follows an unusually circuitous route that appears
to have a vaguely radial symmetry about the ridges at Glenns
Valley (fig. 9). This pattern strongly suggests that the river
channel migrated to the west along the toe of the growing fan
during T2 time.

In contrast to the first two glacial episodes, the latest (T3)
advance appears to have been much less robust. The depositional
sequence associated with this event is quite unlike the earlier
ones, and generally does not contain a persistent till sheet or
other readily definable units, and may not even be recognizable
as a distinct sequence in many places. Where recognizable, the
T3 sediments form a heterogeneous assemblage of debris flows,
small granular units, lacustrine sediments, and very thin
(generally less than 5 feet), discontinuous till units.
Collectively, these materials comprise an ablation complex; that
is, a diverse mass of sediments deposited in, on, against, and
locally under, stagnant, downwasting ice. This latest assemblage
typically forms a veneer less than 20 feet thick, draped atop
sediments and landforms of the two earlier sequences. It is
characteristically accompanied by a well-developed, low relief,
hummocky disintegration landscape (fig. 10), which contains
numerous small depressions, ablation hummocks, disintegration
rings, and very small ridges composed of till-like sediments.
This particular landscape occurs nowhere else in Marion County,
and appears to be uniquely associated with the T3 event.

T3 ice evidently did not extend south of Marion County. Instead,
its terminal position lay across the central part of the county
and, ‘at least to the east of the White River, is quite clearly
marked by an abrupt change in surface morphology (figs. 9 and
16) . The most prominent feature associated with the T3 event is
the Bunker Hill Moraine, a tall, hummocky ridge in the south-
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‘Figure 10.

Section of the Beech Grove 7.5-minute topographic gquadrangle, TI14N, R4E, illustrating the
landscapes associated with different. late Wisconsin glacial events. The characteristic hummocky
disintegration topography associated with T3 ice is well displayed in the northeastern part of the
figure, especially in section 12. This type of landscape extends over most of northern and eastern
Marion County, and contrasts sharply with the smoother landscape to the southwest (e.g., in
sections 14 and 15), which was formed on T2 till. East of the White River Valley, the two
landscapes are separated by the Bunker Hill Moraine, the high, hummocky ridge that trends between
the northwest and southeast corners of the figure, parallel to Shelkyville Road.



central and southeastern parts of the county that is more or less
paralleled by Shelbyville Road (fig. 10). The Bunker Hill
Moraine appears to be the terminal moraine of the T3 event, as it
marks the sharp break between the characteristic T3
disintegration landscape to the north, and older T2 landscapes to
the south. Gamma-ray logs from the Beech Grove Quadrangle
suggest that the sediments within the moraine contain a greater
‘proportion of till than does the typical T3 assemblage elsewhere
(fig. 8). The hummocky terrain of Crown Hill may also mark the
terminal position of T3, and is separated from the discontinuous
northwestern end of the Bunker Hill Moraine only by the valley of
Fall Creek near its confluence with the White River.

It is also possible that the T3 sequence is simply draped over
older T2 topography in these areas, giving the appearance of a T3
terminal moraine. This is certainly the case west of the White
River, especially in the area between Indianapolis International
Airport and Eagle Creek, where a very thin T3 ablation sequence
is plastered atop older T2 ridges and ice-marginal positions. In
that area, the feather edge of the T3 advance is not clearly
defined, and can only be identified as lying within a very broad
zone. This situation is in marked contrast with the relatively
.Sstrong topographic expression of T3 east of the river, however.
The contrasting morphology implies that there may have been a
fundamental difference in the behavior and depositional mechanics
of the T3 ice sheet on opposite sides of the river. In any
event, regional relations tend to favor the interpretation of
‘Crown Hill and Bunker Hill as disjunct parts of a T3 end moraine,
although there is no firm proof of either possibility.

The primary effect of the T3 event appears to have been the
release of massive volumes of meltwater into the White River
drainage, along with the cutting of several major sluiceways that
drained the disintegrating ice sheet (fig. 9). The gorges of
Fall Creek, Mud Creek, and some segments of Eagle Creek and its
tributaries were apparently formed as tunnel valleys or other
“types of sub-glacial channels during the T3 event, for they cut
sharply through all of the other sequences. The straight, narrow
segment of the White River west of Crown Hill may have also been
initially cut in a similar fashion, for it is generally gorge-
like in character and completely unlike the rest of the river
valley in terms of its morphology and underlying sequences. This
segment of the river also experienced a variety of later events,
however, both as an ice-marginal channel and as the main
sluiceway for meltwater released much further upstrean,
consequently its history is much more complex. 1In any event, all
of these subglacial channels may have been the sources of
episodic, and probably catastrophic, outbursts of meltwater as
the ice sheet disintegrated en masse. In southern Marion County,
the presence of large~scale streamlined landforms within the
White River Valley, together with nearby outwash terraces atop T2
till and as much as 50 or more feet higher than the main ocutwash
plain, attest to the great volume of meltwater that must have
filled the valley as the Huron-Erie Lobe disintegrated. These
meltwater outbursts scoured the valley, and undoubtedly
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contributed to the strongly streamlined appearance of many parts
of the outwash plain. They were also probably responsible for
. 'eroding the body of the Glenns Valley fan complex.

Based on the above characteristics, it seems likely that the ice
associated with the T3 event may have been a relatively thin slab
that advanced very rapidly to its terminal position, before
abruptly melting in place, as suggested by Bleuer (unpublished
manuscript) for similar sequences in west-central Indiana. This
model would best explain the existence of a discontinuous
terminal moraine, the predominance of ablation deposits in the T3
sequence, and the late, and apparently catastrophic, meltwater
outhursts that affected this part of the White River valley.

Nature of Mapped Sequences and Features

The amalgamation of all of the Wisconsin depositional sequences
has resulted in a diverse suite of glacial terrains across the
county, which in turn contain an equally varied range of
hydrogeoclogic settings. The complex and extremely variable
nature of these sequences create uncertainties in interpretation
that make it impractical to map each particular
hydrostratigraphic element (e.g., discrete aquifers and confining
units) on an individual basis throughout the county. In addition
to the variation inherent within the sequences themselves, the
non-uniform distribution and widely ranging quality of subsurface
data pose several difficulties for systematic three-dimensional
mapping. For example, in the absence of abundant gamma-ray logs
or unusually detailed well records, it is commonly problematic to
determine the true lateral extent, stratigraphic position, or
depositional sequence (i.e., T1, T2, or T3) of many of the small
and medium-sized sand and gravel bodies that are commonly present
within the Trafalgar megasequence. Despite their apparently
limited areal extent (typically less than 1/4 ni?), some of these
bodies can locally be up to 50 feet thick, and thus have obvious
hydrogeologic importance because they may physically interconnect
sand and gravel aquifers above and below. It is similarly
difficult to systematically relate all of the local till
confining units above and beslow these aquifers to the three
depositional sequences.

To counter these difficulties, two parallel approaches were
employed to depict the Wisconsin glacial deposits. First, a
purely terrain-based approach was utilized to identify specific
glacial terrain regions. Each region is generally characterized
by a range of similar conditions with respect to the presence,
continuity, size, and geometry of sand and gravel bodies and
fine-grained units, and their relationship to surface morphology.
S8econd, the largest and (or) most persistent sand and gravel
units were mapped on an individual basis; additionally, the
thickness and extent of till confining units were mapped, but
only in relation to mappable sand and gravel bodies,'rather than
to any one particular depositional seguence. In general, a
flexible mapping methodology was used to emphasize different
kinds of sequence characteristics in different terrains.
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This dual approach resulted in the construction of up to four
types of maps for each of the twelve quadrangles in Marion
County. The different maps must be used together to effectively
represent the geology of the Wisconsin deposits. Specific
features shown on each of the four types of maps are:

1) glacial terrains, including the general nature of the
underlying depositional sequences, and the nature and
relationship of the landscape to sequences and major events;

2) the thickness of all till units and associated fine-grained
sediments that overlie mapped sand and gravel bodies within
the Trafalgar megasequence. These units generally correspond
to the T2 and (or) T3 events, but for simplicity, all of the
till units and sand and gravel bodies shown on this map are
referred to generically as the "upper sequence'";

3) a) the thickness of all till units and associated fine-grained
sediments that underlie mapped sand and gravel bodies of the
upper sequence (above), and/or that overlie outwash aprons at
the base of the Trafalgar megasequence. These units generally
correspond to the Tl and (or) T2 events; or b) the aggregate
thickness of the entire late Wisconsin sequence where it
appears to be composed chiefly of till and related fine-

-grained materials. For simplicity, these packages are
referred to as either a) the "lower sequence", or b) the
"total sequence", respectively;

4) the thickness of unconfined sand and gravel in the White River
Valley and in nearby reaches of major outwash-bearing
tributaries (e.g., Eagle Creek, Fall Creek), and the nature of
the substrate the outwash was deposited on. This type of map
wag compiled only for parts of the Maywood, Indianapolis East,
Indianapolis West, Clermont, Carmel, McCordsville, and Fishers
guadrangles.

Each of these maps is explained further in the following
sections, which also provide an expanded description of the
origin and geometry of the various mapped features and segquences.
The relationship of map units to seqguence configuration is shown
on the schematic diagram on plate 2. Reference teo this diagram
may be useful during the following discussion.

Glacial Terrain Maps

The depositional sequences and their attendant landscapes
collectively form a group of glacial terrains. Each terrain is
characterized by a particular association of landforms that, at
least in part, reflects the particular succession of events and
style of glacial deposition that produced the vertical sequence
of sediments below it. sStated differently, the landscapes and
materials encompassed within each glacial terrain region share a
common geologic history, and are, therefore, expected to
generally be characterized by a similar range of both surface and
subsurface geologic conditions. '
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As a whole, each glacial terrain map provides a regional overview
of surface composition and morphology, subsurface sequence, and
the nature of the different depositional and erosional processes
that have affected each landscape. 1In this light, the terrain
map acts as a "road map" for guiding the user through the more
materials-oriented geologic units presented on the other types of
maps. The terrain maps can also be used to make general
assessments about the geology of an area where subsurface data
are sparse or where the continuity, geometry, and other
characteristics of individual units are particularly uncertain.

Each terrain map contains three overlays of information that,

when combined, collectively form basic terrain units. Each

overlay contains a specific category of terrain features or

. elements that differ from the other categories in terms of its

- basic definition and the scale of the defining features.
Progressing from the largest to the smallest included features,

these three overlays are:

1) the reglonal distribution of three generalized types of
Wisconsin vertical sequences. Each of the three basic
vertical sequence types so defined reflects a predominance of
a particular process or group of related processes that
deposited the sequence (e.g., processes related to large-scale
channelized meltwater). This category is therefore defined
simply as "Vertical seguence" in the map explanation;

2) the general morphology, composition, and history of the
- landscape overlying each vertical sequence. This category
consists of landscapes of intermediate to large scale, and is
defined as "Morpho-terrain'"; and

3) individual, distinct landforms or groups of landforms that
signify deposition and (or) modification by a particular
process or succession of processes. This category consists of
local scale features within each landscape, and is defined in
the explanation as "Individual terrain elements".

Late Wisconsin Seguence Maps

The style and complexity of map construction are largely
controlled by the presence, geometry, and continuity of mappable
sand and gravel units of Wisconsin age in the different terrain
reglons identified on the glacial terrain maps. 1In general
regions identified on the terrain maps as being underlain by
vtill-dominated sequences" present the least complicated
situations, and in many cases, can be adequately characterized by
one or, in some cases, two maps. In contrast, regions identified
as having "mixed" or "sand and gravel-dominated" segquences are
considerably more complicated, and reguirs a somewhat different
mapping approach using two or three maps to effectively
characterize the range of sequences. Aall three sequence types
are present in several quadrangles, necessitating the use of both
mapping approaches on the same maps. On all such maps, the major
terrain boundaries that mark this change in mapping style are
prominently identified.
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Till-Dominated Sequences

Till-dominated seguences are characteristic over nearly all of
the upland areas within Marion County. In the simplest case, the
Trafalgar megasedquence consists chiefly of till and till-like
sediment between the land surface and the pre-Wisconsin surface.
In this setting, the entire megasequence can be accurately
represented on a single map that uses a 20-foot contour interval
to show the total thickness of all till units within it. very
small lenses of sand and gravel are typically present in these
situations, but are too thin (typically less than 5 feet) and of
far too limited extent (reported in widely scattered logs) to
show at the map scale. This type of setting, and the :
corresponding map, are referred to as a "total sequence", It is
important to note that some areas are mapped this way by default,
because there are few or no data to map sand and gravel units and
(or) because some drillers simply do not report all of the sand
and gravel units,

In some upland areas, the Trafalgar megasequence contains
somevwhat larger, but discontinuous bodies of sand and gravel
along various horizons between and within the tills. They are
regarded as discontinuous because they are typically not reported
"in a significant percentage of the wells in the given area in
which they generally occur. Some of these units are reported to
be as much as 10 to 20 feet thick, and in some areas they appear
to be localized along persistent horizons. Because of their
uncertain continuity, however, they are simply mapped as
"discontinuous" sand and gravel within the total late Wisconsin
till sequence. Map units of this type are numerous, and are
intended to call attention to areas where sand and gravel bodies
of presumably small size may be concentrated, without denoting
any particular geometry or specific stratigraphic position within
the Trafalgar megaseguence.

In other places within the till~dominated sequences, sand and
gravel units within the Trafalgar megaseqguence appear to be
relatively larger and more continuous, and thus can be mapped as
separate bodies, albeit with an uncertain degree of precision.
Map units of this type may be of any size, but the sand and
gravel is typically reported in more than 75% of the data points
over an area of 100 acres or more, and is consistently greater
than 5 feet thick. The great majority of these bodies are mostly
or entirely enclosed within till, and geographically separate
bodies commonly occur at different depths. In such instances,
mapping the entire thickness of late Wisconsin till is not
particularly useful for hydrogeological purposes, because that
would give little indication of the settings of these bodies
within the total megasequence. Instead, we judged that mapping

- the thickness of the till above the bodies separately from the
thickness of the till below is most appropriate. This approach
also provides a convenient means for highlighting places where
till is locally absent above or below parts of these bodies. All
of these situations involving mappable sand and gravel bodies
within the till-dominated sequence are best represented using two
different maps, as follows.
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Mappable sand and gravel bodies that occur within the Trafalgar
megasequence, as well as the thickness of any overlying till, are
shown on one map.. These units are collectively and informally
referred to as the "upper sequence", and the map as the "upper
sequence map". Discontinuous sand and gravel units are also
shown on the upper seguence map, but the thickness of the till
above the discontinuous units cannot be reliably contoured,
because no clear break in the total Wisconsin till sequence is
discernable where these units are absent. The units shown on the
upper sequence map generally correspond to the T2 and (or) T3
events outlined previously. A second map shows the outlines of
the mappable sand and gravel bodies plus the thickness of any
till units that occur below. The units shown on the szecond ma
collectively comprise the informal "lower seguence", and -
generally correspond to the Tl and (or) T2 events described
earlier. In places where there are no till units present below )
the sand and gravel (i.e., the bottom of the sand and gravel body
is on the pre-Wisconsin surface), the sand and gravel unit is
shown as a solid color, enclosed by a zero till thickness
contour. Map units showing the lower seqguence are combined on
the same map with the "total sequence" contours described above.

_ Mixed ééquences

Mixed sequences typically contain abundant sand and gravel bodies
in addition to till units. Although some parts of these
sequences consist primarily of till, the sand and gravel
generally constitutes a roughly equal or somewhat greater
proportion of the total late Wisconsin seguence in most places.
The region underlain by mixed sequences mostly borders the White
River Valley and is widest in the northern half of the county.

- Most of the sand and gravel units within the mixed sequences form
‘a relatively extensive complex of fans, aprons, and channels.

The largest individual bodies cover several sguare miles and are
up to 100 feet thick, although most are between 20 and 60 feet
thick. We interpret all of these bodies to have been deposited
during the T1 and T2 ice advances, and they are closely
associated with the two till sheets believed to have been
deposited during those advances. The fans and aprons grade
laterally into, and form part of, the outwash complex within the
White River Valley.

The mixed sequences are represented using a two-map format that
is generally similar in concept to that employed for mappable
sand and gravel bodies in the till-dominated uplands, with the
presence and thickness of an "“upper" and a "lower" till sequence
being shown on separate maps, using 20-foot contours. The major
difference is that the thicknesses of the granular units below
each till sheet are shown on the appropriate map utilizing a
color scheme that corresponds to 20-foot thickness intervals.
Either of the till sequences may be absent in some places within
this terrain region. In places where the lower till sequence is
missing, the sand and gravel units above and below have
coalesced, resulting in composite granular units that are quite
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thick. The thickness and extent of these composite units are
shown below the capping till (T2 + T3) on the "upper sequence
map", inasmuch as there is no practical way to delineate any
boundary between the M"upper" and "lower" sequences within the
thick section of sand and gravel. The boundary between terrain
regions where this mapping style is used versus adjacent till-
dominated regions where the previous format is emploved, is
indicated clearly on the appropriate guadrangles.

Sand and Gravel-Dominated Sequences

Along the White River Valley and adjacent parts of its major
tributaries, the mixed seguences described above are usually
overlain by a variable thickness of younger, unconfined outwash.
In addition, the underlying till units become increasingly thin
and discontinuous toward the axis of the valley, while the fans
and aprons become progressively thicker. Along the margins of
the valley, there also are numerous "cut-outs" of the till units,
resulting in composite sand and gravel thicknesses that range
from less than 10 feet to well over 100 feet. Sand and gravel
typically accounts for a substantial majority of the vertical
sequences within this area, which generally corresponds to the
"sand and gravel dominated sequences" shown on the terrain maps,
and more specifically, to the morpho-terrains llsted under the
"White River Valley" heading.

The same two-map format described above for:the mixed sequences
is extended into the sand and gravel dominated sequences of the
White River Valley; that is, the thicknesses of large, laterally
extensive sand and gravel bodies and their overlying till units
are shown using a combination of colors and contours,
respectively. It was necessary to construct a third type of map
for these areas, however, to accommodate the increased degree of
complexity associated with the unconfined outwash that caps the
vertical sequence. These "unconfined outwash maps" are
conceptually very similar to the other two types of maps, in that
they utilize a range of colors to show the total thickness, in
20—~-foot increments, of the outwash complex from the land surface
down to the top of the first till unit in the vertical seguence
or, if no till unit is present, to bedrock. Different line
patterns indicate the type of fine~grained unit (e.g., late
Wisconsin upper or lower sequence, or undifferentiated pre-
Wisconsin till) present at the base of the contoured outwash.
The outwash itself is regarded as a complex, because in numerous
places it appears to represent the coalescing of true "outwash"
with one or more fans, aprons, and {or) other granular bodies
that crop out from beneath the edges of adjacent late Wisconsin
(and in some places, pre-Wisconsin) till units.
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HYDROGEQOLOGIC FRAMEWORK
Shellow_gggifg; System

The term "aquifer" has traditionally meant any body of rock or
unconsolidated sediment capable of producing ground water to a
well in an economically useful amount (Maxey, 1964). From a
contemporary perspective, this definition could also include any
geologic unit capable of transmitting contaminants at a rate
elgnlficantly greater than surroundlng materials. In contrast, a
"confining unit" generally restricts ground-water flow, helps to
retard contaminant migration, and typically is not capable of
yielding significant amounts of water to a well. It is clear
from: these definitions that all of the sand and gravel units in
Marion County, as well as the Eandstone and limestone bedrock
units, constitute aquifers, whereas shale, siltstone, till, and
related fine-grained. sediments are confining units.

An aquifer system, by comparison, is defined as "a heterogeneous
body of permeable and poorly permeable materials that functions
regionally as a water-yielding unit; it consists of two or more
aquifers separated at least locally by confining units that
impede ground-water movement, but do not affect the overall
hydraulic continuity of the system" (Poland and others, 1972).
Water level data available from numerous water wells -and ground-
water monitoring wells, coupled with the geologic information
presented on the other maps, indicate that the sand and gravel
units along the pre-Wisconsin surface and within the overlying
late Wisconsin sequences collectively form a coherent shallow
agquifer system (fig. 11). Permeable sandstone of the Borden
Group commonly forms the pre-Wisconsin surface in parts of
southwestern Marion County, and is also considered to be part of
the shallow aquifer system in that area. This system is, for the
most part, distinct from deeper sand and gravel or bedrock
aquifers, and is simply referred to as the "shallow aquifer
systen”. Several lines of evidence lead to this conclusion:

1) water levels recorded from different shallow granular units
are almost always within a few feet of one another, even when the
units are separated by extensive till sheets;

2j three-dimensional mapping of the Wisconsin deposits suggests
that interconnection commonly exists between the various sand and
gravel units at and above the pre~Wisconsin surface;

3} in contrast, our mapping also suggests that a thick,
persistent seguence of pre-Wisconsin till units creates a low-
permeability confining unit that, in most places, effectively
separates the shallow system from deeper aguifers;

4) in upland areas, water levels in the shallow aquifer system

are commonly between ten and several tens of feet higher than
those measured in the deeper aquifers; and
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Figure 11.

vertical exaggeration: 52x
EXPLANATION

sand and (or) gravel =¥ ——— gencralized water table/potentiometric surface

of shallow aquifer system .
till, fine-grained sediment e ———— gencralized potcntlomclnc surface of dcep

sand and gravel aquifers : approx. 1 mile

1 1
sandstone in Borden Group pre-Wisconsin surface, generally the base of
TN (e shallow aquifer system in glacial deposits

other bedrock, undifferentiated _.-7 genenalized ground-water flow direction

Schematic hydrogeological cross-section. across the southern part of Marion County, showing the
configuration of the shallow aquifer system, relationship between the potentiometric surfaces of
the shallow aquifer system and deeper aquifers, generalized ground-water flow directions, and
hydrogeclogic settings (lazbeled across the top of diagram) associated with the shallow aquifer
system. The shallow aquifer system generally includes sand and gravel units at and above the pre-
Wisconsin surface, as well. as sandstone of the Borden Group. Hydrogeologic settings are defined
in table 2. ' S




S5) water level patterns associated with most of the shallow
units, both individually and collectively, show a strong
relationship to the pattern of surface water drainage and to
local surface topography, whereas such a relationship is much
- less pronounced for the deeper systems.

Other aquifers and (or) aguifer .systems are also present at
greater depth. These deeper systems include a variety of both
large and small sand and gravel bodies as well as transmissive
zones within the Silurian and Devonian carbonate rocks. Over
most of the county, these deeper units generally are not
physically connected to the. shallow aquifer systen, although some
interconnection may locally exist where large channels extend
downward from the pre-Wisconsin surface, and where the deeper
units are truncated along that surface. The deeper sand and
gravel aquifers were generally not mapped during this study,
except for the two very large agquifer complexes noted earlier in
the discussion of pre-~Wisconsin units.

Potentiometric Surface

A generalized potentiometric surface map was prepared for the
shallow aquifer system utilizing water level data taken from all
of the sand and gravel units along and above the pre-Wisconsin
surface. In upland areas, the shallow aguifer system is largely
under confined conditions, whereas in and near the White River
Valley, this system is largely under unconfined (water table) or
semi-confined conditions (fig. 11). 1In the latter area, aquifers
in the upper part of the system are unconfined, where as deeper
parts of the system may be locally confined or semi-confined by
extensive till sheets. Due to this range in conditions, maps for
some quadrangles are a combination potentiometric surface map in
confined parts of the system and water table map for adjacent
parts of the system that are largely unconfined. The difference
between these areas is clearly indicated on the maps, but for
simplicity, the entire contoured surface is referred to as the
"potentiometric surface". Also, in some areas, there are few
wells developed in the shallow agquifer system, consequently the
elevation and configuration of the potentiometric surface were
largely inferred from a few widely scattered water levels,
surface topography, and the elevations of perennial streams. ' For
all of these reasons, these maps are intended to show only the
regional trend of the potentiomtric surface, and cannot be
reliably used to infer local flow directions within any
particular aquifer. :

The configuration of the potentiometric surface and its
relationship to surface water bodies helps to identify the
position of any given area in the regional ground-water flow
system (fig. 12). 1In general, large river and stream valleys are _
ground-water discharge areas, whereas uplands tend to be recharge
areas. Recharge is likely to be minimal in uplands where
aquifers are confined by thick till., The recharge potential is
greater where the till confining units are thin or breached.
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Figure 12. Schematic¢ diagram showing the relationghips between the water table, potentiometric surface, zone
of saturation (shaded), and vertical hydraulic gradients in confined and unconfined parts of a sand and gravel
aquifer and the overlying till confining unit. The river valley constituteg a discharge area for the sand and
gravel acuifer, and ground-water flow isg likely to be upward across the agquifer to the bottom of the river
channel. 1In contrast, the downward hydraulic gradient below the adjacent till-capped upland suggests that area
is a recharge area. The greatest amount of recharge is likely to occur where the till is thin or contains high-
rermeability zones, such as the channel near the upland stream. The stream is likely to lose water to the
underlying channel at certain times of year, and thus contribute to recharge of the underlying gand and gravel
units. Elsewhere below the upland, actual recharge is likely to be minimal because relatively thick sections
of low permeability till severely restrict downward water movement.




Even though it is a regional discharge area, the White River
Valley is also characterized by high recharge potential, because
thick sections of sand and gravel commonly underlie the surface.
The sand and gravel can rapidly absorb and transmit large amounts
of water to shallow parts of the aguifer system, even though
deeper parts of the system may be discharging upwards.

Hydrogeologic Settings

Hydrogeologic settings represent a combination of basic
hydrogeologic information (e.g., the potentiometric surface maps)
and geologic information, to characterize the range of interaction
between ground water and the geologic framework within a given
region (fig. 11). Twelve generalized hydrogeologic settings were
defined in Marion County, based on known and inferred combinations
of geoclogic and ground-water flow system conditions. Undoubtedly
a greater number of such settings could be Qifferentiated at a
more localized scale utilizing site-specific data. Hydrogeologic
settings generally take into account the following elements: 1)
the sequence, or geometric arrangement, of agquifers and confining
units, also known as hydrostratigraphy; 2) the physical attributes
of the geologic materials that comprise the secquence, which in
turn control their abilities to transmit and store ground water;
3) position in the ground-water flow system, particularly with
respect to recharge and discharge areas, and determined mainly by
- the configuration of the potentiometric surface or water table,
and its relationship to surface water and landscape; 4) the degree
of confinement of the system as a whole, as determined both by
water level data and by the extent of confining units; 5)
estimated rate of surface infiltration, based on the geologic
material at the land surface and the characteristics of the soil
developed on that material; 6) typical thickness range of the
vadose (unsaturated) zone; and 7) estimated strength and direction
of the predominant hydraulic gradient (lateral or vertical) within
a particular setting. These features are summarized in table 2
for the twelve hydrogeologic settings mapped in Marion County.

The differing combinations of conditions that define the
respective hydrogeologic settings can be used to estimate the
relative recharge potential of each setting (table 2). Recharge
potential is an indicator of the relative amount of total
precipitation that ultimately becomes ground-water, and the rate
at which it reaches the saturated zone. At least some recharge is
required for most potential contaminants to actually reach the
ground-water flow system. Therefore, recharge potential is
closely related to the sensitivity of ground water to
contamination from surface or near-surface sources. A variety of
both numerical and non-numerical methods have been developed to
assess the sensitivities of different hydrogeologic settings and
conditions {(e.g., Aller and others, 1987). To date, however,
systems that attempt to quantify ground-water sensitivity have
proven to be of dubiocus or uncertain predictive value (Cohen,
1992). The basic problem with such systems may be their inability
to take into account the ranges of geologic conditions that are
likely to characterize particular hydrogeologic regions or
settings.
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| Position in Flow

‘Map | General Description 1 Degree of Rate of Thickness Predominant Recharge
Unit Confinement { Surface of Vadose | System Hydraulic Potentiat
Infiitration | Zone (feet) Gradient
Al | Thick sections of sand & | Unconfined | High 5-20 Regional discharge | Gentle lateral; Very
gravel interstratified with area for all aquifers | vpward gradient | higha
a few, small, widely near river in
scattered till units; White deeper part of
River Valley axis system
A2 | Variable thickness of sand | Unconfined High 10-25 Regional discharge | Gentle lateral for | Very
and gravel overlying to semi- area for most pre- unconfined higha
complexly interbedded confined Wisconsin aquifers, | aquifers; upward
sand and gravel and till in Recharge area for for deeper
White River Valley shallow aquifer aquifers
marging system
A3 | Similar to setting A2 but | Unconfined High 5-20 Local discharge area | Gentle lateral for | Higha
oceurs in very narrow . to semi- for shallow aquifer | unconfined
bands along the larger confined system and some aquifers; upward
streams that cross uplands - deeper units® for deeper
aquifers

Notes: * perched water table possible in till or on bedrock surface (unit C5)
4 for unconfined parts of system _
@ considerable interchange between surface water and ground water is possible in some places

Table 2. General characteristics of hydrogeologic settings in Marion County.
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Map | General Description Degree of Rate of Thickness Position in Flow Predominant Recharge
Unit Confinement | Surface of Vadose System Hydraulic Potential
' Infiltration | Zone (feet) Gradient
Bl | Hummocky ridges and Unconfined Moderately | 50-100 Local recharge area | Downward Moderately
mounds composed chiefly | to semi- high for shallow aquifer high
of sand and gravel, ' confined system
locally with thin till cap
and some lenses of till
within; south-central part
of county _ _ _ _
B2 | Hummocky ridges and . Semi- Low to 25-75%* Local recharge area; | Downward Moderate
mounds composed chiefly | confined to moderate especially where to
of till and lesser sand and | confined sand and gravel moderately
grave! in thick, narrow bodies are abundant high
channels; widely scattered '
Cl | Mapped bodies of late Semi- Low to <10 Local recharge area | Downward Moderate
Wisconsin sand and confined moderate for shallow aquifer to
gravel capped by less than : system moderately
10 feet of till; uplands high
throughout county
C2 | Similar to setting C1 but | Mostly Low < 10* Intermediate, with Downward Moderately
the till cap is typically | confined small, highly low
greater than 10 feet thick; localized recharge
uplands throughout areas
county

Notes: * perched water table possible in till or on bedrock surface (umt C5)
a for unconfined parts of system
@ considerable interchange between surface water and ground water is posmble in some places

Table 2. General characteristics of hydrogeologxc settmgs in Marion County (cont).
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Map | Generat Description Degree of Rate of Thickness Position in Flow Predominant Recharge
Unit Confinement | Surface of Vadose | System Hydraulic Potential
Infiltration | Zone (feet) Gradient
C3 | Thick sections of till, Well Low <10* Intermediate Downward Low
locally with small lenses | confined
of sand and gravel; '
uplands throughout
county
C4 | Valleys of small upland Mostly Low <5* Local discharge area | Neutral Low
streams, mainly floored confined for shallow system;
by till; upland streams seepage area for till
throughout county
C5 | Sandstone capped by 0-20 | Unconfined Low to 20-40* Local recharge area | Downward Moderate
feet of glacial sediments; | to semi- moderate for sandstoneP '
southwest part of county | confined
C6 | Pre-Wisconsin sand and Semi- Low to 0-15 Local recharge or Variable Low to
gravel capped by less than | confined to moderate discharge arca for moderate -
20 feet of till; upland confined shallow sand and '
slopes and stream valleys gravel; seepage area
throughout county _ _ for till® _ ) _
C7 | Apron of late Wisconsin | Semi- Low to 20-30 Local recharge area | Strong lateral Moderate
sand and grave] capped confined moderate for shallow sand to
by 10-20 feet of and gravel moderately
discontinuous till. West high
side of White River north
of Williams Creek.

Notes: * perched water table poSsiBle in till or on bedrock surface'(u'nit C5)
a for unconfined parts of system
@ considerable interchange between surface water and ground water is possible in some places

Table 2. General characteristics of hydrogeologic settings in Marion County. (cont).




Despite these difficulties, it is possible to gualitatively rank
the different hydrogeologic settings in Marion County according
to their relative sensitivities to contamination (pl. 1). This

- ranking is essentially an estimate of the relative rates at which
contaminants might enter the shallow ground-water flow systen,
based on the combinations of geologic and hydrogeologic features
that are likely to characterize each setting. Because of the
problems noted earlier, however, the sensitivity of ground water
within each hydrogeologic setting is depicted as a range that is
generally indicative of the range of geologic conditions within
the setting. These ranges also reflect the fact that
contaminants having different physical properties (e.g., "heavy"
vs. "light") are likely to exhibit radically different acueous
behavior in the same hydrogeologic setting.  In view of all of
these considerations, the sensitivity of ground water in Marion
County constitutes a series of overlapping ranges, with large and
obvious distinctions between some hydrogeologic settings, but
little or no distinction between others.

USE OF THE HYDROGEOLOGIC QUADRANGLE MAPS

Qverview

The hydrogeological guadrangle maps prov1de an overview of the
regional hydrogeologic framework that should be useful for
understanding and addressing a variety of ground-water issues and
problems. The most appropriate application of the maps is on a
comparative level--that is, to compare the hydrogeological
characteristics of different regions or localities within the
county. Such comparisons could be useful for a variety of
purposes, such as: prioritizing abandoned waste disposal sites
for cleanup and monitoring; the routing of hazardous cargo away
~ from sensitive areas; developing response plans for chemical
spills in different kinds of hydrogeological settings;
establishing planning procedures to protect sensitive settings,
such as ground-water recharge areas; and determining regional
ground-water flow direction in the vicinity of wellhead
protection areas. The maps may also provide a useful regional
perspective for site-specific investigations, by giving a general
idea of the hydrogeclogic setting and ground-water flow direction
in the shallow aquifer system. This same perspective may also
provide insight into the range of subsurface conditions that
should be anticipated at a site. It must once again be strongly
emphasized that the maps are not a substitute for detailed site-
specific investigations, and should only be used and 1nterpreted
at the published scale of 1:24,000.

Illustrated examples are given below to demonstrate the reading
and use of the maps. The examples are not based on particular
environmental problems or applications; instead, they are
“designed simply to lead prospective map users through the various
kinds of maps that are available for a particular location. The
examples are derived from three contrasting hydrogeologic
settings, each of which represents a different type of Wisconsin
vertical sequence, as shown on the glacial terrain maps. The

45



examples generally describe the kinds of basic information that
.can be gleaned from the maps, as well as some of the geologic
interpretations that can be made, both from individual maps and
from using different kinds of maps together. The emphasis is on
the use all of the maps together to derive the complete
hydrogeologic picture in a particular area. The information
presented herein is intended to complement, rather than
duplicate, the basic descriptions of map units given on the
‘Explanation of Map Units (pls. 1 and 2). Therefore, these
examples will be most instructive when used in conjunction with
plates 1 and 2, and with the other information presented in
earlier sections of this document.

For purposes of illustration, sections of maps that correspond to
the locations of the three example areas are reproduced on plate
3. In addition, each of the three example areas was selected to
be along or near one of the geologic cross-sections in the
respective quadrangle, and the corresponding parts of the cross-
sections are also shown on plate 3., It should be emphasized that
the cross-sections were constructed largely from information
depicted on the hydrogeologic maps, and it should similarly be
possible for an individual who properly understands these maps to
do likewise for other locations in the county. :

Exanple i: Hgdrogeg;ggig Frameworg'og a Till-Dominated Sequence

Example 1 highlights the mapping format employed in regions where
till and till-like sediments are the predominant constituents of
the late Wisconsin sequences. The area of this example is the
"Sunnyside Sanitarium” and vicinity (S33-34, T17N, R5E; and §3,
T16N, RS5E, Cumberland gquadrangle), just socuth and west of
Oaklandon (fig. 13). This location is typical of the range of
subsurface conditions and hydrogeclogic settings found in much of
the northeastern gquarter of the county. Maps available for the
Cumberland quadrangle include: data points; bedrock geclogy and
topography; Fall Creek aquifer complex; pre-Wisconsin surface;
glacial terrains; late Wisconsin lower seguence and total
sequence; late Wisconsin upper sequence; and hydrogeologic
settings. Subsurface relations in this area are shown in cross-
- section D*'''- D'''', wyhich parallels Pendleton Pike.

Glacial Terrain Map

The area is an excellent example of the irregular disintegration
landscape that characterizes much of eastern Marion County.
Local relief away from stream valleys ranges from 5 to 20 feet,
and is manifested by numerous small hummocks and ridges. This
landscape was produced during the downwasting of the latest (T3)
glacier to invade the county, and the immediately underlying
sediments consist of a variety of silt units, small sand bodies,
and till-like sediments that are intimately commingled to form an
ablation complex. Considerable variation is to be expected in
the composition of the sediments immediately bkelow the land
~surface, and individual units are likely to have limited
continuity. The ablation complex overlies till and till-like
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sediments deposited by the earlier Wisconsin ice advances. As
indicated on the explanation of terrain map units (plate 2), the
vertical sequence types are very generalized, regional-scale map
units; thus, some local variation is to be expected.
Nonetheless, the consistent glacial terrain pattern over the
entire quadrangle suggests that the vertical sequence is likely
to consist chiefly of fine~grained sediments. The area is
bisected by the valley of Indian Creek, a high-level channel that
may have originated below a crevasse or subglacial meltwater
channel. Outwash is not 1likely to be abundant in this channel,
but alluvium of highly varied composition is probably present in
places.

Late Wisconsin Sequence Maps

The two maps showing 1) the upper sequence and 2) the lower and
total sequences are intended to complement each other and should
be viewed side by side. The upper sequence map indicates a large
area of discontinuous sand and gravel in the eastern part of the
area under consideration. The granular units occur within the
total sequence of Wisconsin deposits, but not necessarily at the
same depth or horizon. The meaning of the term "discontinuous"
should be emphasized, especially in relation to map scales. At
the scale of this map, the sand and gravel units appear to be
discontinuous, because they are not reported in a considerable
number -of data points. However, some of the individual sand and
gravel bodies probably have continuity over relatively small
areas, such as that of an environmental site, or perhaps. over
larger areas where there are no data available to indicate their
presence. In any event, because the. intersequence sand and
gravel appears to be discontinuous, it was impractical to contour
the thickness of fine-grained units above and below. Thus, the
second map shows the total thickness of all late Wisconsin till
and till-~like sediments, which range from less than 40 feet thick
below Indian Creek to more than 60 feet thick in some of the
larger ridges. The 40-foot contours- along Indian Creek lie as
much as 15 to 20 feet above the valley bottom, suggesting that
the till may only be about 20 feet thick below the valley itseilf,
and possibly less, depending on the thickness of any alluvium
‘that might be present.

Pre-Wiéconsin Surface Map

At many localities in Marion County, significant aquifers occur
.at or not far below the pre-Wisconsin surface. This area is a
good example. The configuration of the pre-Wisconsin suyrface
indicates a system of channels that appear to be filled ‘with sand
and gravel. This type of sand and gravel unit is referred to as
"undifferentiated", that is, of either late Wisconsin or pre-
Wisconsin age. Thus, it lies above the pre-Wisconsin surface,
which is contoured on fine-grained units below the sand and
gravel, and immediately below the total Wisconsin till sequence
shown in the previous map. The map also shows the sand and
gravel along this horizon to be reported in numerous water wells
in the area, suggesting that the channels may have considerable
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continuity. The line pattern in some of the channels indicates
that they locally coalesce with unit "Ix", which is also within
20 feet of the contoured pre~-Wisconsin surface in some places
away from the channels. This unit generally comprises as a thick
complex of Illinoian sand and gravel bodies that coalesce with
older sand and gravel units at depth. These relations should
suggest that there is a very large complex of sand and gravel
underlying the pre-Wisconsin surface in this area, which is in
fact the Fall Creek aguifer complex.

Fall Creek Aquifer Complex

The Fall Creek aguifer complex occurs over a broad area in
northeastern Marion County, where it forms the primary source of
ground water. It is consistently greater than 20 feet thick
below most of the Oaklandon area, and is more than 60 feet thick
in two places within the example area. The elevation of the top
of the complex ranges widely, which is typical throughout its
mapped extent, and reflects the coalescing of sand and gravel
bodies of various ages that occur along different horizons. For
all practical purposes, however, all of the interconnected sand
and gravel units act as a single, unified aquifer system. The
aquifer complex appears to become increasingly discontinuous, and
ultimately pinches out, Jjust to the south of this area.

Bedrock Topography and Geology

The Oaklandon area is underlain by limestone and dolomite
bedrock, which generally constitutes a significant aquifer system
in its own right. The bedrock surface is commonly buried deeply
in northeastern Marion County, and in the area of the Fall Creek
aquifer complex, relatively few wells use the limestone as a
ground-water source. The characteristic feature of the bedrock
in this area is the well-developed system of deeply entrenched
valleys, some of which are as much as 200-250 feet deeper than
adjacent bedrock "uplands". The valley system is most pronounced
in the McCordsville and Fishers quadrangles to the north, but the
precipitous head of one valley is evident below the Sunnyside -
Sanitarium. The distribution of the Fall Creek aquifer complex
gshows a striking relationship to bedrock topography, typically:
being thickest in and near bedrock valleys, and thin or absent
over bedrock highs. This suggests that at least some of the
complex may have been deposited in meltwater channels whose
locations were in part determined by pre-existing bedrock
valleys.

Hydrogeologic 8Settings

It should be apparent from the previous maps that the main
agquifers in this area are associated with the pre-Wisconsin Fall
Creek aquifer complex, and in fact, that much of the pre~ -
Wisconsin section in this immediate area consists of sand and
gravel. In contrast, the Wisconsin deposits are largely fine-
grained and thus form a relatively thick confining unit atop the
complex. For the most part, the pre-Wisconsin aquifers appear to
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be relatively well-protected from surface-derived contaminants,
at least in the immediate area of this example. Scattered sand
and gravel bodies within the Wisconsin deposits east of Indian
Creek probably form highly localized aquifers, and are more
sensitive to contamination by virtue of their proximity to the
land surface; however, they are not known to be interconnected
with the pre-Wisconsin sand and gravel bodies, and few, if any,
are utilized for water supply purposes.

The dominant hydrogeologic feature in this area is Indian Creek,
which forms a local discharge area for shallow agquifers and a
seepage area for the till, The stream valley clearly controls
the orientation of the potentiometric surface of the shallow
aquifer system, which slopes sharply into the valley. The
hydraulic relationship of Indian Creek to the deeper aquifers
represented by the Fall Creek aquifer complex is uncertain. Some
discharge may be occurring, although the configuration of the
potentiometric surface of the complex suggests that it is
discharging primarily to Fall Creek (IGS, unpublished data).

Data Points

The distribution of data in this area is typical of much of the
county, with abundant, closely spaced, subsurface data in some
places and sparse, widely scattered data elsewhere. There are
several gamma-ray logs and downhole sample sets in the vicinity
to provide detailed, first-hand information about subsurface
units, and to afford a framework for interpreting the more
“generic, and less certain, information provided on water well
records. It is important to recognize that there are gaps in the
data large -enough to accomodate sizable sand and gravel kodies,
and this caveat includes both the large pre-Wisconsin sand and
gravel units and the "discontinuous" Wisconsin units. Thus,
areas where no sand and gravel is mapped may be as much a
function of irregular data distribution as of interpretation.

The nature of such areas will be revealed only by an inspection
of the data point map. Relative to other parts of Marion County,
however, the amount and guality of data in this area are at least
average, if not better, and thus promote a relatively high dedree
of confidence concerning the interpretations suggested by the
mapping.

Exanple 2: Hgdgogeolgglc Framework of an Area Underlain by Mixed
Seguences

Example 2 highlights the mapping format employed in regions where
the late Wisconsin deposits consist of till and till~like
sediments that are complexly interbedded with small to large sand
and gravel bodies, resulting in mixed sequences. Mixed sequences
are prevalent along both sides of the White River Valley, and are
closely related to the evolution of the valley itself. The area
of this example (fig. 14) is centered on I-65 north of Raymond
Street, in the northeasternmost corner of the Maywood guadrangle
(S13, T15N, R3E; and S18, T15N, R4E).
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This location encompasses a range of subsurface conditions and
hydrogeologic settings associated with mixed late Wisconsin
sequences. Maps available for the Maywood gquadrangle include:
data points; bedrock geclogy and topography; southwestern aquifer
complex; pre-Wisconsin surface; glacial terrains; late Wisconsin
lower sequence and total seguence; late Wisconsin upper sequence;
unconfined outwash; and hydrogeologic settings. Subsurface
relations in this area are shown in cross-section B'- B'', which
runs east-west between Raymond and Minnesota Streets.

Glacial Terrain Map

- This locality is a good example of the complex terrain relations
that typify much of the White River Valley fringe. The
occurrence of all three types of vertical sequences in the
immediate area is indicative of the potential range of subsurface
conditions that might be expected at any given location. The
river valley and its fringe acted as a sink for meltwater, and
large sheets of sand and gravel were deposited in front of the

- first two Wisconsin glaciers as they advanced into this part of
the valley. The conditions leading to deposition of these large
-granular units were evidently not uniformly distributed, however,
as small to large "islands" underlain by till~dominated sequences
occur throughout the valley fringe, resulting in abrupt and
irregular boundaries between different types of vertical
sequences., In addition, meltwater erosion and outwash deposition
associated both with the river and the lower reaches of some
tributaries resulted in localized interfingering of sand and
gravel dominated sequences with those containing greater amounts
of till. Vertical sequences representing all of these
depositional environments can be found along the eastern fringe
cof the valley.

The dominant landscape feature within the example area is the
valley of Pleasant Run, whose remarkably straight, southwest-
trending channel sharply transects all of the other landscape
elements along its course. In essence, Pleasant Run valley is
superposed on all of the earlier events and sequences noted in
the preceding paragraph. These characteristics lead to the
conclusion that Pleasant Run forméd as an ice~walled channel
within latest Wisconsin (T3) ice. The distal end of the valley,
located within the example area, contains some outwash, both
within the confines of the valley itself, and in the form of
terraces on adjacent uplands.

Total relief in this area is about 20 feet, and is almost
entirely attributable to the valley of Pleasant Run, and to the
White River, which lies just west of the area depicted in the
example. These valleys control the morphology of the land
surface, which slopes gently, but regularly, into the river
valley. The land surface itself is quite smooth, chiefly because
it was washed by meltwater from both Pleasant Run and the river.
Local relief is mostly 5 feet or less and is in the form of broad
terraces associated with both valleys. A veneer of outwash or
gravel lag overlying the washed till surface was probably
widespread on this landscape before urbanization.
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Late Wisconsin Sequence Maps

The late Wisconsin sequences .in the Maywood guadrangle are
depicted on three maps, which should be used together: 1) the
upper seguence; 2) the lower and total sequences; and 3)
unconfined outwash. Relations between the map units are
extremely complex in this area, and it may be helpful to refer to
cross—-section B' - B" during the following discussion. The lower
and upper sequences in this area both contain bodies of sand and
gravel. These bodies are outwash aprons that range in thickness
from a few feet to more than 40 feet, and which generally appear
to thicken westward toward the White River. The increased.
thickness of the lower apron (unit S1f) between Madison Avenue
and Meridian Street is partly attributable to coalescing with the
gsouthwestern aquifer complex, which subcrops along the pre-
Wisconsin surface in that area.

Over most of the map area, each apron is overlain by a sheet of
till, which represent deposition directly by ice after the aprons
were overridden by their respective glaciers. The terrain
boundary in the southeast part of the map area outlines the
northern edge of one of the small till-dominated areas where no
gsand and gravel bodies. appear to be present within the Wisconsin
sequences. This area is mapped using the total till format,
which indicates that the total Wisconsin sequence in that
location consists of approximately 40 feet of till (the 40-foot
contour appears just to the south of the map area shown in the
exanple).

It is important to note that, because of the amount of meltwater
erosion and washing of the landscape, the continuity of both of
the till sheets over their mapped ranges may be somewhat suspect
in this area. In other parts of this valley-fringing landscape,
where closely spaced data points are available to document
subsurface conditions, the Wisconsin till units commonly exhibit
numerous "holes", which range in size from a few tens of feet to
several thousand feet. Similar conditions are entirely possible
within the area depicted in this example, but are difficult to
document because of the sparse distribution of subsurface data
(see the discussion on data point maps for this example).

Much of the immediate valley of Pleasant Run is surrounded by the
zero till thickness contours on both the upper and lower sequence
maps, indicating that the corresponding till units are absent in
those areas, presumably having been removed by subsequent
meltwater erosion. Much of this erosion probably occurred during
T3 time, when Pleasant Run valley was cut. However, careful
inspection of these maps shows that the lower till unit is also
absent at some places along and behind the valley wall where the
upper till unit is present, thus at least some of the erosion of
the lower unit must have occurred during deposition of the upper
sequence outwash apron, In such instances, the upper and lower
outwash aprons have coalesced, resulting in a marked thickening
of the sand and gravel, which is evident on the upper sequence
map. Where both till units are missing along the axis of
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Pleasant Run, these sand and gravel bodies are unconfined. 1In
the lowest reaches of Pleasant Run, there is abundant evidence
for late outwash deposition (e.g., the valley is flanked by
prominent outwash terraces), thus the combined thickness of all
of these sand and gravel units is shown on the map of unconfined
outwash., The diagonal line patterns on that map indicate areas
where one of the Wisconsin till units is present beneath the
unconfined sand and gravel. This situation occurs along the
sides of the valley, and there is a pronounced relationship
between the thickness of the unconfined sand and gravel and the
presence or absence of the Wisconsin till units.

The uppermost reach of Pleasant Run shown in this example is
characterized by a somevwhat different situation, indicated by
unit "Ste" on the unconfined outwash map. There is virtually no
evidence for significant outwash deposition along that part of
the valley. The relatively thick, unconfined sand and gravel
exposed in the valley bottom clearly extends back under one or
both of the Wisconsin till units in the valley walls, and is part
of the much larger apron(s) of sand and gravel that constitute
part of the upper and lower sequences. The sand and gravel in
this part of Pleasant Run has essentially been exhumed by
meltwater erosion, and is indicated as such on the unconfined
outwash map. The thickness of the exhumed sand and gravel is
thus shown on the appropriate map that corresponds to the
sequence to which the exhumed unit actually belongs, which in
this case is the upper sequence.

Pre-Wisconsin Surface Map

This part of the pre~Wisconsin surface is related to an extensive
regional slope that is graded toward the White River Valley (fig.
5). Virtually the entire section of pre-Wisconsin deposits in
eastern Marion County is truncated across the complete reach of
the regional slope, and succesively lower parts of the slope are
underlain by progressively older units. Within the map area, the
pre-Wisconsin surface slopes sharply toward the river valley, and
a small valley has also been incised into it below Pleasant Run
by Wisconsin meltwater. The predominant feature of the pre-
Wisconsin surface in the map area is the subcrop of the
southwestern aquifer complex (shown generically on this map as
unit "mI"), an areally extensive body of sand and gravel of
probable lower to middle Illincian age. This unit is at or near
the pre~Wisconsin surface over a very broad area east and west of
the White River Valley in southern Marion County. Unlike the
"yundifferentiated" sand and gravel bodies of the first example,
the southwestern aqguifer complex is clearly of pre-Wisconsin age,
consequently the pre-W1sconsin surface was contoured on the unit
at many places near the river. :

Southwestern Aquifer Complex

The southwestern agquifer complex is widespread over much of this
part of the county, where it is probably the primary source of
ground water outside of the unconfined outwash within the White
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River valley. The thickness of the agquifer complex in the map
area is generally less than 20 feet, but appears to increase
toward the west, and within a channel-like axis south of Pleasant
Run. East of the White River Valley, the top of the complex has
a very gentle regional slope to the west-southwest, and some
parts of the unit are capped by a well-developed paleosol. The
complex is interpreted to be a buried Illineian outwash fan and
(or) plain that was graded to the large bedrock lowland that
underlies much of the modern White River Valley. The top of the

.aquifer complex within the map area exhibits a similar pattern,

but is more irregular, especially near Pleasant Run, where it has
been truncated by the outwash apron at the base of the Wisconsin
section. In that locality, and elsewhere along its truncated
edge, the complex is distinguished only with difficulty from the
immediately overlying Wisconsin sand and gravel.

Bedrock Topography and Geology

The White River Valley in the Maywood gquadrangle generally
parallels a sizable bedrock lowland developed chiefly in the New
Albany .Shale. The northeastern corner of the quadrangle lies
just east of the head of a sizable valley within the lowland.
There appears to be approximately 40 to 50 feet of relief on the
bedrock surface below the map area, which is entirely on New
Albany Shale. Large parts of the bedrock lowland appear to be
filled with sand and gravel, some of which may be of pre-
Wisconsin age, and some of which is clearly of Wisconsin age.
The bedrock valley appears to have influenced the depositional
geometry of sand and gravel units by capturing meltwater

drainage, certainly in the pre-Wisconsin, when the southwestern

aquifer complex was deposited, but probably during the earliest
Wisconsin events as well.

Hydrogeologichettings

It should be apparent from the previous maps and discussion that
there are several potentially significant aquifers within the map
area, including both of the Wisconsin outwash aprons and the
southwestern aguifer complex. These granular units beconme
progressively less distinct from one another, and increasingly
more coalesced, as intervening till confining units thin or pinch
out in the direction of the White River Valley. The continuity
of some of these confining units along the valley fringe is also
questionable in view of the large amount of meltwater that must
have washed over each till sheet during the subsequent deposition
of the immediately overlying granular unit. The absence of both
of the Wisconsin till confining units below some parts of
Pleasant Run, and the correspondingly great degree of
interconnection between the various granular units, is the most
obvious, and hydrogeologlcally significant, outcome of these
neltwater events.

The sensitivity of all of the granular units is directly related
to their degree of confinement, with the deepest units (i.e., the
southwestern aquifer complex) generally being the best protected,
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because as many as three different till sheets may be present
above. The potential degree of interconnection between aquifers
at different horizons is a significant concern in this terrain,
however, thus the best overall measure of sensitivity may be the
presence and thickness of the upper sequence till unit, which
caps all of the aquifers. This philosophy is reflected on the
hydrogeologic settings map, and the relative sensitivities of the
various hydrogeologic settings in the map area (i.e., A3, C1-C3,
etc.) are directly indicative of the degree to which the entire
aquifer sequence is confined. Clearly, those settings having no
confinement (A2, A3) are at greater risk than those having
progressively greater confinement (C1-C3, respectively). The "C"
hydrogeologic settings generally parallel the contoured thickness
of the upper till unit, consequently the uncertainty surrounding
the continuity and thickness of the till units also affects the
boundaries of these settings,

The dominant hydrogeologic feature in this area is the White
River, which is the regional discharge area for all agquifers.
The valley contrels the configuration of the potentiometric
surface, which exhibits a strong gradient toward the river in
confined and semi-confined parts of the shallow aguifer system,
before flattening out dramatically where the system becomes
largely unconfined. Pleasant Run also has a pronounced influence
on the potentiometric surface, and is undoubtedly a localized.
discharge area, especially for the upper parts of the agquifer
system. Nonetheless, the fact that these valleys are discharge
areas does not necessarily reduce the -sensitivity of the:
underlying agquifers dramatically. The localized absence of
confining units, coupled with the correspondingly thick sections
of granular material, exposes the system directly to surface
derived contaminants, and no amount of discharge will prevent
heavy contaminants from sinking through the system.

Data Points

Most of the map area lies within an industrialized part of the
City of Indianapolis, and has been served by public water for
many years. Consequently, the distribution and quality of data
are generally poor compared to other parts of the county, but are
typical for this type of area. The best subsurface data are from
test borings performed during construction of I-65. The
remainder of the map area is characterized only by several widely
scattered water well records. Therefore, the interpretations of
this area rely heavily on the terrain mapping approach, and were
made primarily on the basis of landscape relations and »
characterlstlcs, and by extrapolating well-documented subsurface
relations from nearby areas having a greater abundance of high-
guality data. Subsurface data are much more abundant in the
extension of this landscape immediately to the north in the
Indianapolis West guadrangle, and to the east in the Beech Grove
Quadrangle. Relations similar to those along Pleasant Run were
also documented on several other streams of similar size and
origin to the north and south {(e.g., Pogues Run, Lick Creek,
Little Buck Creek), lending confidence to the interpretation of
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the granular units and geomorphic relations of the former.
Nonetheless, there are few or no subsurface data over large parts
of this immediate area, which suggests that certain conditions,
such as aquifer and confining unit geometry, could be much more
variable or different than shown on the maps.

Example 3: Hyvdrogeologic Framework of a Sand and Gravel Dominated
Area '

Example 3 highlights the mapping format employed in the White
River Valley and adjacent parts of its major tributaries where
the late Wisconsin deposits consist chiefly of sand and gravel.
For purposes of continuity, the area selected for this example
(fig. 15) adjoins the west edge of the area depicted in the
previous example. It is located north of Raymond Street along
the northern edge of the Maywood quadrangle (S14 and 15, T15N,
R3E). This area is situated in the center of the outwash plain
in the White River Valley, and is representative of the
hydrogeological conditions typically found in this type of
setting. Sand and gravel dominated sequences are characteristic
of a wide zone that extends completely across the county along
the White River Valley, and they contain the major source of
ground water in Marion County. Maps available for the Maywood
guadrangle include: data points; bedrock geology and topography;
southwestern aquifer complex; pre-Wisconsin surface; glacial.
terrains; late Wisconsin lower sequence and total sequence; late
Wisconsin upper sequence; unconfined outwash; and hydrogeologic
settings. Subsurface relations in this area are shown in cross-
section B'~- B'', which runs east-west between Raymond and
Minnesota Streets.

Glacial Terrain Map

Most of the outwash plain in this area is part of a broad, very
flat terrace that lies between Eagle Creek on the west, and the
east fringe of the White River Valley. The terrace slopes gently
to the south at about 8-10 feet per mile, and in this area, is
about 690-700 feet in elevation. Much of the landscape within
the map area has been severely altered by urbanization and sand
and gravel mining; however, there are a few, very small terraces
whose surfaces lie slightly above the general elevation of the
main outwash plain, and whose shapes show a prominent down-valley
orientation. These characteristics are similar to those
exhibited by the much more pronounced features in the valley
further to the south, and are suggestive of large-scale
streamlining by meltwater outbursts.

Another key feature of this landscape is the fact that the modern
White River channel obviously does not coincide with the main
axis of the former glacial sluiceway. This situation is typical
in many parts of the valley, and points up the fact that parts of
the modern White may have little relation to the massive
meltwater rivers that created the main bodies of outwash which
define the axis of the valley. The present location of the
modern channel probably reflects more recent channel migration
associated with the relatively small, post-glacial river.

57



8¢

568
; - | 69 {INDIANAPOLIS WEST) A1.6 M1 TO .5, 40 571 10 2

13 . . ' 65

[{a] L] J g
- - ‘!’ L = n l“: b
. n o (] U - malbras WY =N I Y .
. 8 i =

()
\Y [

N1
Y
i 2 !
N R\
L
H H
e Ut
!
E 2
:l 1_?
o
1 [
: -
H 3
':1.9_:“_-.535__ . “'.

€
)
D ' -
K
-
21 m |
Pl =t |
i I %
“.
? h _
L
3N i . L T _
"@‘ﬁ S % " Radio Towers ™~
z ol 5 -y I IFE} w
oy 7 -
SR . ~
a 5 -’. (} / ... —a—
= i . =
# 7 7 &' i =) o
& \ o Q‘v\’ 3_,.-‘ ‘_-‘]l r/é?: {)
AP Aq N R [P* P o e R S AR AR RN e

Figure 15. Part of the Maywood quadrangle showing location of map example 3 (outlined

by heavy line) and surrounding area.




Late Wisconsin Sequence Maps

As in the other examples, all of the late Wisconsin sequence maps
should be used side by side. In this case, the map showing
unconfined outwash is the logical place to begin, because of the
presence of sand and gravel dominated sequences indicated by the
glacial terrain map. The outwash map shows a marked thickening
of the unconfined sand and gravel into the sluiceway axis, as
might be expected from the relations depicted on the terrain map.
Various line patterns indicate the presence of Wisconsin and pre-
Wisconsin t£ill units below the outwash. The most abrupt changes
in sand and gravel thickness occur where the underlying lower
sequence till unit pinches out. By comparing the unconfined
outwash map with the lower sequence map, it is apparent that the
sudden doubling of sand and gravel thickness at the till edge is
the result of the unconfined outwash coalescing with the large
fan that comes out from beneath the lower Wisconsin till. This
type of 'situation is extremely common along the edges of the
White River Valley, and is typically responsible for the large
"outwash" thicknesses that are seen at many places. Another
common situation is represented by the small body of lower
sequence till appears to "float" in the thick section of sand and
gravel, just west of the pinch out. Such bodies, which are
. apparently disconnected from the main till sheet are common at
many places in the valley.

In contrast to the above relations, the map of the upper sequence
‘indicates that this sequence is absent in this part of the
valley. - The feather edge of the upper of the two Wisconsin till
sheets is visible along the extreme eastern edge of the map area,
. where it overlies its own apron of sand and gravel. In this
context, it is worth noting the possibility that part of the
unconfined outwash in this part of the valley may, in fact, be
sand and gravel reworked from that apron, which has had its
capping till unit stripped off by meltwater.

Further west, in the sluiceway axis, the unconfined outwash map
indicates thick (60 to 100+ feet) sections of sand and gravel
overlying bedrock or pre-Wisconsin till. The pre-Wisconsin till
in turn overlies as much as 20 feet of sand and gravel at some
places below this part of the valley. Abrupt changes in the
thickness of the unconfined sand and gravel along the truncated
edges of the pre-Wisconsin till result from the coalescing of the
older sand and gravel with that above, much like the situation
along the valley fringe at the edge of the Wisconsin tills.

These relations are all illustrated in cross-section B' -~ B".

Pre~Wisconsin surface

Over many parts of the White River Valley, the pre-Wisconsin
surface is not readily evident, either having been completely
removed by Wisconsin meltwater erosion, or otherwise
indiscernable amidst thick, unbroken sections of sand and gravel.
This is certainly the case below some of this part of the valley.
This section of the valley is unlike many others, however,
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because of the relatively large remnant of pre-Wisconsin
sediments present atop the bedrock between Eagle Creek and the
White River. These deposits may be close to 50 feet thick at
some places, and appear to be plastered against the lee side of a
bedrock high, which may have protected them from the effects of
later meltwater discharges down the valley. Descriptions on
several water well logs (e.g., yellow and orange colors) are
highly suggestive of a weathering horizon on the till unit that
caps these deposits. Because of its occurrence as isolated
remnants below this part of the river valley, this particular
assemblage of pre-Wisconsin deposits is of uncertain age, and may
well encompass more than one depositional seguence. Based on
stratigraphic relations on the west side of the valley, however,
these sediments are clearly older than the lower to middle
Illincian southwestern aquifer complex, and may well be
equivalent to the pre~Illincian Fall Creek aquifer complex. 1In
any event, a persistent body of sand and gravel appears to be
present within or at the base of this sequence, which is. :
tentatively interpreted as lowest Illinoian or pre-Illinoian.

Bedrock

As noted in the previous example, the White River Valley in the
Maywood quadrangle generally parallels a sizable bedrock lowland
developed chiefly in the New Albany Shale. The evolution of the
lowland appears to be complex, with some parts containing
Tllinoian and (or) pre-Illincian deposits, but others evidently
filled entirely by Wisconsin sand and gravel. It secems probable
that the lowland has assumed its present form gradually through
time, having experienced erosion by meltwater and ice during
several glacial episodes, including one or more of the Wisconsin
glaciations.

The part of the river valley represented in this example lies
over the broad floor of the bedrock lowland, and is close to the
overlap of the New Albany Shale on the Devenian carbonate rocks.
The elevation of the bedrock surface in the immediate area of
this example is sufficiently low relative to the structure of
this contact to expose a small area of Devonian limestone in
section 14. The limestone subcrop in the Maywood quadrangle is a
small protuberance from the much larger area to the north
underlain by Devonian limestone.

Data Point Map

Much of the area of the example is highly urbanized and
industrialized, and is presently served by public water supplies.
As a result, there are relatively few private domestic wells, and
the lack of new water well drilling precluded the "holes=-of-
fortune" approach for obtaining downhole sample sets and gamma-
ray logs. This relatively grim situation is bolstered by the
presence of several industrial water supply wells, as well as a
few monitoring wells installed for a previous ground-water
gquality study. Consegquently, the distribution and quality of
data in this area are fair. There are numerous water wells, test
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borings, and ground—water monitoring wells in the identical
terrains of the river valley immediately south and west of this
area, however, and many of the. latter prov1de excellent
descriptions of the unconsolidated sediments. A similarly high-
quality data set is available just to the north of the Maywood
quadrangle, from test borings where I-70 crosses the river
valley. More importantly, IGS was able to obtain approximately
15 gamma-ray logs from nearby monitoring wells at environmental
sites and a few private water wells, all ‘of which are located
within 1-2 miles of the example area, and which provided good
examples of the range of vertical sequences below this segment of
the valley. Therefore, the overall geologic framework and
evolution of this part of the valley are relatively well
understood, even if some of the details concerning the geomteries
and characteristics of individual units and sequences are less
clearly documented. This result illustrates the usefulness of
developing terrain models and terrain maps, which provide the
necessary context for interpretlng landscape elements and widely
scattered subsurface data of variable resolution.
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GLOSSARY OF SELECTED GEOLOGIC TERMS AND NAMES

ablation Loss of ice in a glacier or ice sheet from melting, sublimation, or
calving of bergs into a body of water Co ' S

ablation complex Aeaemblége of sediments deposited during the ablation of a
glacier, generally by being let down from at or near the glacier surface by
melting of underlying ice

ablation hummock Mound of till-like sediment deposited in a depressgion in the
ice. The sediment becomes a positive topographic feature after the
surrounding ice has melted

apron Body of sediment (usually sand énd gravel) that typically has a sheeﬁ—
like or tabular form, and a gently sloping surface. Usually deposited by
meltwater in front of an ice gheet

aquifer Any body of rock or unconsclidated sediment capable of producing
ground-water to a well in an economically useful amount

aquifer system A heterogeneous body of permeable and poorly permeable
materials that functions regionally as a water-yielding unit; it consiets of
two or more aquifers geparated at least locally by confining units that impede
ground-water movement, but do not affect the overall hydraulic continuity of
the aystem :

confined Refers to an aquifer or aquifer system that is overlain by rock or
sediment of low permeability and in which water levels in well® developsed in
the aguifer rise above the top of the agquifer

confining unit Rock or unconsolidated material, generally of low permeability,
that. restricts ground-water flow : : :

contour Line on a map that connects points of equal elevation. A contour
- interval is the elevation difference between adjacent contours

debris flow Mass of.rock and/or sediment that becomes ungtable and moves
downslope under its own weight

Pavonian Period of geologic fime from about 410-360 million.years ago

discharge area Typically a stream valley, lake, or other low part of the
landgcape where ground water in subjacent aquifers is under an upward
hydraulic gradient and thus discharges to surface water or springs. The
amount and rate of ground-water discharge depends on whether the aquifer is in
contact with the surface (greater discharge) or is confined by low~
permeability materials (less discharge)

disintegration ring 8mall ridges of very low relief that commonly have a
circular outline and one or more depressions in the center. They are thought
to have formed by the slumping of sediment off the sides of a buried ice
block, which subsequently melted to produce the depression(s) in the center of
the mound. Because of their resemblance to donuts, these landforms are
commonly referred to as ablation donute

eastern source Refers to glacial sediment derived from rocks that lie to the
east and northeast of Indiana, and which are generally part of the Grenville
tectonic province. These rocks, and the glacial sediments derived from them,
typically exhibit distinctive mineralogical and other physical properties that
distinguish them from sediments of northern source and northeastern source.
Eastern source sediments were deposited by ice lobes moving out of the Huron-
Brie Basin, whereas northern source sediments are associated with ice
emanating from Lakes Michigan and Superior, and northeastern source sediments
from ice crossing the southern Peninsula of Michigan out of Saginaw Bay. See
E0urce arsea ’ " :
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facies Association of sediments or sedimentary rocks having similar appearance
and environment of deposition

fan Body of sediment (usually sand and gravel) with a roughly semi~circular
map pattern and a gentle to steep surface that slopes radially away from the
head or apex of the body. Usually deposited where a confined river channel
loses ite confining walls, such as at the mouth of a meltwater channel along
an ice margin

flow system The complete cycle of ground water flow in an aquifer system
including recharge, lateral and vertical flow, and discharge. A regionmal flow
system generally includes very deep ground-water flow that takes place over
many tens of years between the highest surface drainage divides and the
largest river valleys. A leocal flow system includes mostly very shallow
ground-water flow between relatively nearby recharge and diecharge areas.

gamma-ray log Geophysical record that measures vertical changes in the amount
of natural gamma radiation in a mass of rock or sediment by pulling a probe up
through a borehole

glacial terrain Geographic area of any size characterized by a distinctive
landscape whose morphology reflects a particular series of glacial and post-
glacial events and which is underlain by a particular sequence of sediments

" that are directly related to those events. A glacial terrain map depicts the
geographie distribution and characteristics of different glacial terrains

hydrogeologic setting Geographic region characterized by a distinct set or
range of ground-water conditions, such as aquifer type and geometry, degree of
confinement, water table depth, ete.

-hydrostratigyaphy The physical arrangement, in three-~dimensions, of geologic
materials and formations having contrasting hydraulic properties. Typically
refers to the stratigraphy of aquifers and confining units

Ice Age The poéular name for the most recent period of glacial activity, alse
known as the Pleistocene Epoch, which began scme 2 million years ago and is
still in progress

ice-contact fan Fan deposited against the front of a glacier or atop and
amidst blocks of ice

ice-contact stratified deposits Glacial sediment composed primarily of sand,
gravel, and debris flowa that were deposited on, againet, or within glacier
ilee

Illincian age A major period of glacial activity during the Ice Age that is
thought to have occurred between about 300,000 and 146,000 ybp. The
continental ice sheets in many parts of the upper Midwest, including Indiana,
reached their maximum southern extent during the Illinoian. .

Jessup Formation Formal term introduced by Wayne (1963) that encompasses all
of the glacial sediments deposited in Indiana before the late Wisconsin
glaciation

kaxrst Distinctive landscape developed on carbonate rocks that have undergone
appreciable solution. Commonly marked by numercus einkholes, caves, blind
valleys, and other solution features

lacustrine (lake) sediment Sediment deposited in lakes. Most commonly
composed of silt and clay, but locally may coneist of fine sand and gravelly
beach sediments. In this report, the term refers chiefly to lakes associated
with the margins of glaciers

late Wisconsin Age The mogt recent period of major glacial activity during the
ongeing Ice Age, from about 22,000~10,000 years ago.
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megasegquence Assemblage of gediments associated with one or more successive
advances of a particular glacial lobe

meltwater Water derived from the melting of glacial ice and typically
discharged from the margin of an ice sheet or glacier, where it may occupy
broad river channels that carry extremely large amounts of sediment

Mississippian Period of geologic timé.from about 360-320 million years ago

moraine Broadly arcuate to linear hummocky ridge deposited where an ice margin
became stationary for a protracted period of time. Recessional moraines are
formed where the ice margin stabilizes during a general retreat of the
glacier, whereas terminal moraines mark the maximum extent of the ice margin.
End moraine is a generic term that encompasses all types of moraines deposited
at the margin of a glacier

- mud flow Unsorted mixture of sediment that ranges from clay to boulders in

size, and was deposited by the gravity flowage of unstable, oversaturated
sediment. Common in the glacial environment. Because ancient mudflows

frequently resemble glacial till, they are sometimes referred to as "till-like
sediment”

northern source Refers to glacial sediment derived from the Lake Michigan
Lobe, which had ite source chiefly in the Superior tectonic province (see
eastern source and source area) S

northeastern source Refers to glacial sediment derived chiefly from the Lower
Penineula of Michigan and points to the northeast, and which was deposited by
the Saginaw Lobe (see eastern source and source area)

Ordovician Peroid of geologic time from about 500-440 million years ago

outwash Sediment deposited by meltwater out in front of an ice margin. Usually
compoged of sand and (or) gravel.

overcbnsolidated Refers to a sediment that is denser or harder than would be
expected based on its present depth of burial by younger sediments. For

-example, glacial till is commonly overconsolidated because of the great weight

of the ice that once was above it

ﬁaleosol A soil profile that formed on an ancient landscape that was
subsequently buried by younger sediment :

Pleistocene Geologic epoch corresponding to the most recent ice age, and
beginning about 2 million years ago

potentiometric surface The surface defined by contouring the elevations of
water levels tapping a confined agquifer system. This surface represents a map
of hydraulic head in the aquifer system and defines the general direction of
horizontal ground-water flow

pre-Illinoian Informal term that refers to all of the Ice Age prior to the
Illincian age, generally before about 300,000 ybp

pre-Wisconein The part of the Ice Age that pre-dates the Wisconsin Age,
generally older than about 75,000 ybp

pre~Wisconsin surface Complex surface developed on pre-Wisconsin sediments
that in part represents the landscape that existed between the Illincian and
Wisconsin glaciations., The pre-Wisconsin surface owes gome of its form to
extensive modification of the earlier interglacial landecape by late Wisconsin
ice and meltwater
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recessional margin Location where an ice front stood for a significant period
of time during the general retreat of the glacier and which is commonly marked
by ridges or other accumulations of sediment deposited at the ice margin

recharge area Typically an upland area where the subjacent aquifer is
characterized by a downward hydraulic gradient and is thus being recharged.
The actual amount and rate of recharge depend on whether the agquifer is
unconfined (greater recharge} or confined by low permeability materials (low
recharge). Large amounts of local recharge can alse occur in low parts of the
landscape where highly permeable rocks and sediments directly underlie the
land surface

‘saturated zone All of the subsurface below the water takle, and characteﬁized
‘by having all of the pore spaces filled with ground water :

semi-confined Refers to an aquifer or aquifer system where some parts are
under confined conditions and other parts are under water table (unconfined)
conditions. <Can also refer to a situation where the aquifer is overlain by a
low-permeability confining unit, but water levels in the aquifer do not rise
- above the top of the agquifer, hence the upper part of the aquifer is
ungaturated and under water table conditions

sengitivity The intrinsic or natural susceptibility of ground water to
contamination caused by the combination of geological and hvdrogeological
conditions particular to a certain location or region

sequence The discreote package of sedimente of variocus types associated with a
particular depositional environment. In this report, the term commonly refers
to assemblages of outwash, till, mud flows, and ice-contact stratified
sedimente depoeited during a. particular ice advance

Silurian Period of geclogic time from about.440-410 million years ago

‘solution feature Any type of secondary opening in-limestone or dolomite caused
by the dissclution of the rock in ground water. Includes caves, enlarged
joints, sinkholes, etc : : ’

source arxrea Refers to the general geographic region to the north from which a
particular glacier flowad and derived certain distinctive rock types. For
example, the Saginaw Leobe flowed over central and eastern Michigan, and its
deposits contain ceal and other rocks diagnostic of that area, whereas the

. Brie Lobe flowed into Indiana from the east and deposited rock types from Ohio
and eastern Ontario.

- stratigraphy The arrangement of geologic materials, and the depositional
environmente they represent, in both time and space. The term
"lithostratigraphy" refers to the physical arrangement, in three-dimensicns,
- of different geologic materials and formations

thalweg A line defining the course of deepest part of a river channel. In
buried bedrock valleys, the thalweg is generally thought to coincide with the
lowsst bedrock elevationz that define the axis of the valley

till Unsorted sediment depogited directly from glacier ice with little or no
reworking by meltwater or mass movement. Usually contains particles ranging in
gize from clay to boulders. May be partially consolidated depending on the
geologic history

till-like sediment Poorly sorted, unstratified or poorly stratified sediment
that resembles glacial till but whose origin is problematic. Much of the
till~like sediment seen in central Indiana may be glacial till that
subsequently slumped and flowed after it was deposited. See mudflow and debris
flow
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Trafalgar Formation Formal term of Wayne (1963) that encompasses till units
deposited in Indiana by eastern and northeastern source ice during the late
Wisconsin Age

tunnel valley Wide, linear channel oriented perpendicular to an ice margin and
eroded into the substrate below the jce sheet. A tunnel valley typically
repraesents a major route for meltwater draining part of an ice sheet, and
exiting the front of that ice sheet. Sediment deposited by the meltwater may
or may not be present below the floor of the tunnel valley

uwnconfined Refers to an aquifer that lies at or near the land surface and is
under water table conditions

unconformity Large gap in the rock record, typically represented by a surface
that bounds two rock or sediment bodies of vastly different ages

unconsolidated Refers to sediment that is not generally cemented or otherwise
permanently bound together by eome type of chemical cement (e.g., limestone)
within the pore spaces or by intense compaction from deep burial

unsaturated zone All of the subsurface above the water table where pores are
filled in part by water and in part by air. Also known as the vadose zone

vertical sequence Assemblage of glacial deposits representing a particular
depositional history and sequence of events, and comprising a major
architectural element of a glacial terrain. . See sequence '

weathering profile Section of rock or sediment affected by one or more near-
surface physical, chemical, or biological processes that alter the appearance
and characteristics of the material. Given sufficient time and appropriate
¢limatic conditions, these processes may ultimately result in the formation of
surface goil

West Lebanon Member The name applied to reddish tills and lacustrine sediments
that were deposited by ice emanating from the Michigan Basin, and which
apparently represent the earliest episode of glaciation in Indiana during the
Pleistocene

Yarmouth Interglacial Major ice-free period recognized in many parte of the

Midwestern U.S. that occurred from approximately 440,000 to 300,000 ybp, and
which is marked in the rock record by a prominent weathering profile
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